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Heads Win 


The other day on a street corner, I saw two little newsboys 
matching pennies. As I passed, one of them shouted, ‘Heads win!”’ 


That little ragged urchin did not realize that he was proclaiming 
a great truth. But he was. 






Time was when money was looked upon as being the chief 
sactor in every branch of life. The capitalist was looked at with 
cnvy, and sometimes with fear. That day is fast passing away. 
People know differently now. It is headwork that wins today. 















In the great world war it was not the money, the men, the 
tremendous : m>unt of zmmunition, the submarines, which won. It 
was brains. If the enemy produced a deadly gas, then the brains 
of the opposing forces were set to work to produce a gas more deadly 
than the other. When the submarines began to take their daily 
toll of ships sunk and destroyed, the allied nations realized that they 
must think out a way to get rid of these reptiles of the sea. And they 
did it. The magnificent brain of Foch and his generals planned a 
campaign which wore down the German hosts and in the end accom- 
plished their defeat. Brains did it, not guns. Heads won. 


In the industrial world it is not the man with the biggest muscles 
that gets to the top. It is not the man with massive arms and iron 
hands, who can lift a hundred-pound weight with ease, who gets the 
most money in the pay envelope at the end of the week. 


It is the man whose brain is active, who thinks end plans and 
studies the best way to doa job. It is the man of power. And power 
does not mean brute force. Power comes from constructive thinking, 
cumulative thought or, in the parlance of the street, “using your 


head.” 


Some weeks ago a Foreword appeared in Power on ‘““The Passing 
of the Boss,’ which was full of common sense and truth. 














Why is the “‘boss’’ passing? Because men are beginning to think 
for themselves. The day when they were driven or led to do things 
by soft words and unctuous phrases has gone by. Today men in all 
branches of industry are fast thinking out their problems without 
help from others. They are using their heads and they glory in it. 
Just in proportion as they learn to think for themselves will men grow 
in power to do and live and prosper. 


The next time you hear a man grumble over the amount he 
gets in his pay envelope, tell him the story of the newsboy who 
unwittingly emphasized the great truth, “HEADS WIN.” 


Contributed by FRANK DORRANCE HOPLEY. 
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Particulars of a 56,000 m1 Ft. Surface Condenser 


HILE not the larg- 
est surface con- 
denser built, the 


one described herewith has, 
in common with other large 
ones constructed for recent 
installations, many features 
of interest. It is of the 
Worthington type and has 
a total of 56,000 sq.ft. of 
tube surface, including that 
for the heater; there are 
54,500 sq.ft. of condensing 
surface and 1500 sq.ft. for 
the heater. The tubes and 
tube plates are of Muntz 
metal, the condenser going 
into service in one of the 
large power stations of the 
Middle West, for the cir- 
culating waters of which 
this metal is well suited. 
The condenser will serve a 
35,000-kw. turbine and will 
be placed in rather crowded 
quarters. This accounts 
for the short shell, which 
is but 15 ft. 3 in. long by 
21 ft. 9 in. in diameter 



































inside, 23 ft. outside flange 
diameter. The tube heads 
are 18 ft. 8 in. in diameter 
by 13 in. thick. There are 
14,280 one-inch tubes, 15 
ft. 63 in. long, 384 of which 
are in the heater. Empty, 
the condenser weighs 700,- 
000 lb., and it will contain 
130,000 lb. of water, giving 
a total weight of 830,000 
fb. The castings for the 
shell of such a condenser, 
unlike structural castings 
of like size, must be water- 
tight; there must be no 
spongy spots. The foundry 
where these castings were 
made—that is, at the Har- 
rison, N. J., works of the 
builder — is particularly 
proud of them _ because 
they not only look pleasing 
but are sound everywhere, 
and these were the only 
castings made for this con- 
denser. The circulating 
pump is a 48-in. double- 
suction volute of 60,000 
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BELOW. 





A 56,000-SQ.FT. SURFACE CONDENSER FOR A 35,000-KW. SINGLE-SHAFT TURBINE. FIG, 2, ABOVE. 
TYPE OF DOOR FOR WATERBOXES. 
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gal. 


three-phase 220-volt G. E. 


Three No. 10 hydraulic vacuum 


pumps, arranged for use 
one, two or three units, are 
provided. Two combined 
units, driven by West- 

inghouse turbines, 
will handle the 

condensate 
and vacuum 
pump water. 
Each of these 
units has a 
10-in. split- 
casing sin- 
gle-stage 
double - suc- 
tion pump de- 
livering 
water to the 


per min. at 20 ft. head and 300 r.p.m. 
suction is 54 in. in diameter, with 48-in. delivery. 
It will be driven by a 435-hp. 25-cycle 
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The is roughly 133 sq.ft. The free exhaust opening in the 
shell is 42 in. in diameter; the air-pump suction open- 
ing is 20 in.; the circulating-water 
™"] opening is 30x 84in. Both inlet and 
outlet to the heater are 10 in. 
diameter; the makeup-water 
connection is 5 in. in diam- 
eter. There also is an 
8-in. makeup connec- 
tion into the bot- 

tom of the cir- 
culatin g- 
water connec- 
tion for 
hydraulie 
vacuum pump 
hurling water 
makeup. 
Through this 
connection 
water will be 
supplied for 




















motor. 
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hydraulic va- 
cuum pumps, 
and a 6-in. 


keeping down 
the tempera- 
ture of the 
hurling water 





split - casing 





two - stage 
cond ensate 
pump. These 
pumps and 
the turbine 
are all moun- 
ted on the 
same bed- 
plate. 
166 hp. capacity. 


of the condenser is the type of doo 


used in the shell heads and 


Fig. 2. This door is concave, giving con- 
siderable strength for comparatively small 
thickness in the concave area, yet providing 
a heavy rim to contain the canvas-rubber 
The door may be attached so as 
to swing either right or left. Each nut on 
the swinging studs has a washer cast in- 
Of course the station crews 
readily appreciate the convenience of this 
The condenser is supported on 


gaskets. 


tegral with it. 


feature. 
duplex coil springs—the 
8-in. outside diameter, 13- 
in. section spring having a 
4j-in. outside diameter, 
15-in, section spring inside 
it, as shown in Fig. 4. The 
large springs are 7{ in. 
long when uncompressed 
and 6 in. when compressed. 
Beneath each spring guide- 
pin (cast steel) is a 10-in. 
jackscrew, 34 in. outside 
diameter, 6 threads per 
inch. Each jackscrew en- 
gages 4 in. of threads or 
24 threads in the spring 
support, each one of which 
11 in. wide, of cast iron. 

The area of the exhaust 





Each turbine is of — 
A feature 
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to the 
hydraulie 
vacuum 
pumps, so the 
water may be 
kept at a tem- 
perature but 
little higher 
than that 
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ey, tg passing the circulating-water 
Sse TE . inlet. The hot-water suction 
PSS "-~ Opening in the hotwell is 12 in. A 

shown in —— 3-in. pipe tap is made in the 





ring-head end to connect with a 3-in. oil- 
cooler outlet. The oil-cooler overflow, at 
the top and opposite end of the condenser, 
is 6 in. diameter. At the top of the ring- 
head end there is a 3-in. priming connection. 

As stated, this condenser will be used 
with a 35,000-kw. single-shaft impulse tur- 
bine. Handling 385,000 lb. of steam per 
hour, the vacuum maintained with circu- 
lating water at 70 deg. F. will be 28.4 in. 
mercury with 60,000 gal. 
per min. circulating. With 
45-deg. circulating water, 
other conditions the same, 
a vacuum of 29 in. mercury 
will be maintained, 

There follow some chief 
data concerning, the con- 
denser, Fig. 3, shows 
able for inserting in one’s 
notebook. 

The diagram of the con- 
denser, Fig. 3, shows 
clearly the arrangement of 
tubes to provide steam 
lanes. The writer believes 
that in this large condenser a greater number of these 
lanes are provided than is customary with large con- 
densers. The lower tubes become more effective. 
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FIG. 3. TUBE AR- 
RANGEMENT, BAF- 
FLES AND HEATER 

TUBES 




























































































FIG. 4. 


CONDENSER-SUPPORTING SPRINGS 











is 4 ft. 8 in. long by 2 ft. 








opening into the condenser 
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FIG. 5. THE CONDENSER WITH WATER BOXES REMOVED 


DATA ON WORTHINGTON CONDENSER FOR 35,000-KW. 
SINGLE-SHAFT TURBINE 


length of shell 23 ft 
Diametcr, inside 21 ft. 9in 
Material of tubes and tube heac's Muntz metal 
Total tule area, sq.ft 56,000 
Ccn‘ensing area, sqft 54,500 
Heat: r arca, sq.ft 1,500 
Tubes, | in. diameter, 18 gage B.w.g . ’ 
Weight cc ndcnser, empty, lb 700,000 
Weirvht condenser with water, lb 830,000 
Weight conderser with water per rated kw. of turbine, lb 23.8 
Tube aria per rated kw. capacity of turbine, sqft 1.6 
Tube area of heater per rated kw. capacity of turbine, sq.ft 0.043 
Condensing tube area per sq.ft. heater-tube area, sq.ft 36.2 
Water circulated per lb. steam condensed at rating, lb 78 
Cireulating-water pumping capacity per rated kw. turbine capac- 

ity, gal. per min 1.43 


Heat transmission per sq.ft. tube area per deg. difference inside 


and outside of tube, B.t.u. per hr. (estimated) . 400 to 420 
Circulating-water pumping capacity per sq.ft. total tube area, gal 

per min 1.07 
Condensate pumping capacity, gal. per min., maximum 1,200 
Condenser support Duplex helical springs 


Surface Condensing Plant Temperatures 
By MARK MEREDITH 


When tuning up surface condensing plants, it is 
highly desirable that, having a good vacuum, the hot- 
well-water temperature should be kept as high as pos- 
sible consistent with that vacuum, and a little trouble 
taken to regulate the cooling-water supply to suit the 
load on the condensing plant will be amply repaid. 

There should not be more than 10 deg. F. difference 
between the hotwell-water temperature and the theoret- 
ical temperature: 


lheoretical Temperature, 
D F 


Vacuum, In eg 
20 161.28 
21 156. 83 
22 151.97 
23 146.55 
24 140.42 
25 133.32 
26 124.89 
27 ‘ 114.34 
28 100.05 


A difference of more than 10 deg. F. indicates either 
air leaks in exhaust main, inefficient air pump, or if 
vacuum is high too much cooling water passing. There 
should not be more than 15 deg. to 30 deg. F. differ- 
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ence between hotwell temperature and the cooling-wa- 
ter discharge temperature. A high difference indicates 
either an excess of cooling water or a dirty condenser. 
The former is shown by low hotwell temperature, the 
latter and more usual by high hotwell temperature. A 
low vacuum with a high temperature in both hotwell and 
circulating-water discharge shows that insufficient cir- 
culating water is passing and may be due to the cen- 
trifugal pump running at wrong speed or to its impeller 
being worn. 

It should also be remembered that, although steam 
turbines require as high a vacuum as can be obtained, 
to achieve the best results as regards coal consumption, 
reciprocating engines generally give their best results 
with about 25.5 to 26 in. vacuum, the hotwell tempera- 
ture being kept as near as possible to the theoretical 
temperature. 


Thompson Return-Line Vacuum Pump 


In a vacuum heating system the condensation from 
the radiators, together with the air, is drawn by suction 
to a pump, where the air is separated from the water, 
and the hot water is returned to the boiler or to a 
receiver. Naturally, a vacuum pump should be simple 
in construction, quiet in operation and durable. 

The illustration shows a pump that has but three 
moving members, the crank and the impeller, and a 





SECTION THROUGH VACUUM PUMP 


hinged plate, the purpose of which is to separate the 
suction and the discharge side of the pump cylinder. 
The surfaces of the impeller and the pump casing are 
cylindrical, and the impeller is at no time in contact 
with the casing, a very close clearance being maintained. 
The crankshaft of the impeller is fitted with ball bear- 
ings, and as the crank turns in a clockwise direction, it 
gives the impeller an eccentric motion. As the water 
enters the inlet pipe it discharges into the space be- 
tween the rotor and the casing, and as the rotor revolves 
this water is carried around until it escapes through 
the discharge pipe. This pump is being manufactured 
by the Thompson Manufacturing Co. of Des Moines, 
Iowa. 
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Characteristics of Illinois Coal and How To Burn It 


By T. A. MARSH 





Coals of Illinois by the bed and the district. Rela- 
tive values as steaming coals, their character- 
istics and analyses. Types of furnaces best 
adapted to burning these coals smokelessly and 
at high efficiency on the chain grate. 





million tons of coal, ranking as third state in 
coal production. All this coal is bituminous, or 
in nontechnical terms, smoky, free-burning, “clink- 
ery” coal, having ash that fuses at a relatively low tem- 
perature. There are five definite producing coal beds in 


[nits the year 1918 Illinois produced over 88 














FIG. 1. TYPICAL FURNACE FOR HORIZONTALLY 
BAFFLED BOILER 


the state, but a discussion of Illinois coal becomes more 
simple when it is learned that 90 per cent. of all coal 
produced comes from two beds, and but little considera- 
tion need be given to the others. 

Knowledge of the bed alone is not an exact criterion 
of the quality of coal. However, the quality produced 
from any bed in a given district is fairly uniform, so 
that a knowledge of the district and the bed identifies 
a coal. On this basis there are nine coals to consider in 
Illinois. A tabulation of these coals with typical an- 
alyses of their screenings, including the fusion tem- 
peratures of the ash, is given in Table I. These 
analyses being based on screenings, contain approxi- 
mately 2 to 4 per cent. more ash than mine-run samples 
and 3 to 6 per cent. more than lump samples. It is 
attempted in these analyses to represent the average of 
the seam in the districts. Many mines, therefore. in 
large districts produce better coal. For instance, in 
the Herrin district, mines in some localities give screen- 
ings from No. 6 coal with less than 10 per cent. ash 
and 1 per cent. sulphur. 

Coal from No. 1 bed is mined most extensively in the 
Rock Isiand district, although in Christian County some 
is mined which contains approximately 2 per cent. less 
sulphur than that of the Rock Island district. 

Coal from No. 2 bed is mined in two districts, La 
Salle and Murphysboro. As produced at La Salle, 
screenings are high in ash and sulphur, as the seam is 
thin. Most steam producers in the district consider 
this coal uncommercial. Notwithstanding, it can be 
burned in furnaces of proper design and is now giving 
satisfaction up to 200 per cent. of rating in furnaces 
of the type shown in Fig. 3. 

As regards ash and sulphur content Murphysboro No. 


Chief Engineer, Green Engineering Co., 





East Chicago, Ind. 





2 is the purest coal produced in Illinois. Lump samples 
frequently contain 14,000 B.t.u. on the dry basis, an 
exceptionally high figure for Illinois coal. The excellent 
quality of this coal practically eliminates it from the 
steaming-coal market, as it is in high demand for do- 
mestic and other purposes. 

No. 5 coal is produced in the Harrisburg and the 
Springfield districts. Of these the former is by far 
the better coal, its high heat value and the relatively 
high fusion point of the ash making it a desirable fuel 
for those plants having limited boiler capacity. Spring- 
field, or Central District No. 5, coal has a softer struc- 
ture than that from the Harrisburg district. Its high 
ash and sulphur contents, lower fusion temperature oi 
the ash and lower heat value make the use of this coal 
prohibitive in many steam plants. It is unsuitable for 
stokers not having a continuous ash discharge from the 
furnace, as it tends to clinker badly if the fuel bed is 
agitated. 

Either the Harrisburg or the Springfield No. 5 coal 
is excellent chain-grate fuel. When designing a stoker 
for Springfield coal, it is customary to allow more lib- 
eral grate area and to provide longer ignition arches 
than for Harrisburg No. 5. In some localities, how- 
ever, the Harrisburg coal becomes more expensive per 
1000 lh. of steam, as, owing to its superior qualities, it 
commands a higher price than Springfield coal. 

No. 5 coal is produced also in the Peoria district, but 
its heat value is so low, because of the high ash content, 
that comparatively little of it is used in steam plants 
and much coal for the Peoria market is imported from 
the Springfield district. This is an economical loss, as 
it is possible to obtain good efficiencies and capacities 
with the Peoria coal provided furnaces are designed 
properly. 
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RIG. 2. DESIRABLE FURNACE FOR STIRLING BOTLER 


Coal from bed No. 6 of Illinois also has a wide range 
in quality and characteristics according to the locality 
in which it is mined. The coals of the Bellville district 
have limited utility and low heat value, while the Frank- 
lin county No. 6 coal is an excellent fuel. 

The coals of the Herrin district have become more 
widely known than any other Illinois coals, due to their 
comparatively low ash and sulphur contents and their 
relatively high ash-fushion point. Clinker trouble may 
be reduced by the use of these coals, but plants limited 
to these fuels, either due to inadequate boiler capacity 
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or grate area or to clinker trouble, have to contend with 
high steam costs, as the price of coal is higher than 
would exist if the entire coal market were open to them. 
No. 6 coal produced in the Bellville district is high 
i. ash and sulphur and has a low fusing point. It forms 
a plastic, sticky clinker, difficult to handle when once 
formed. Coals from this district are known in St. 
Louis as the “inner group.” The relatively low heat 
value and long haul prohibit marketing these coals in 
Chicago except under abnormal market conditions. 
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FIG. 3. VERTICALLY BAFFLED B. & W. BOILER 


In bed No. 7, usually known as the Danville coal field, 
production has been largely a stripping process, so that 
the coal is high in ash. The sulphur content also is 
high. 

In general, from a combustion standpoint, Illinois 
sereenings may be described as smoky, clinkery, high- 
ash coals of about medium heat value as compared with 
the best and the poorest coals in the country. Yet in 
spite of their abnormal characteristics, Illinois coals are 
being burned without producing smoke and are being 
handled with a greater freedom from clinker than is 
normal in Eastern plants with the highest-grade fuels. 
In spite of the high percentage of ash fires are kept 
clean, and notwithstanding the low heat value boilers 
are operated at from 200 to 250 per cent. of rating, 
which is in accord with good, modern practice. 

These facts emphasize the progress of combustion 
engineering. It has been necessary to burn these coals 
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FIG. 4. EFFICIENT FURNACKE FOR VERTICALLY 
BAFFLED EDGE MOOR BOILER 


and without smoke in many districts. Clinker trouble 
was serious with hand firing and with stokers designed 
for Eastern coals, so that stokers had to be developed 
to eliminate this trouble and also to remove the high 
percentage of ash carried by this coal. The chain grate 
has been found suitable to meet these conditions. 
Efficiencies during the development period were not 
high; 65 to 68 per cent. was considered good practice. 
It was largely a question of furnace design. Improved 
furnaces permitting complete combustion of the hydro- 
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carbons, of which there is such a large percentage in 
Illinois coals, have increased the efficiency until 72 to 
75 per cent. is as commonly obtained now as the lower 
range ten years ago. 

Table II gives some chain-grate performances with 
Illinois coals, indicating the results that are obtainable. 
It will be noticed that in test No. 2 a combustion rate 
of 48.21 lb. of coal per square foot of grate area per. 
hour over a period of four hours, while developing 244 
per cent. of rating continuously, was maintained. 
Higher ratings were carried for short intervals, and 
peaks of steam output could be carried in excess of this 
rating. 

To produce cheap power, it should be possible to burn 
all coals available to the market in which the plant is 
located. The necessity of picking certain coals or of 
importing coals from a remote district is usually an 
expensive necessity. In many instances existing plants 
are unable to burn all coals in the market. The selection 
of stokers, their proportions and the furnace design 
should take into consideration the quality of coal to be 
utilized in the locality, making it unnecessary to select 
certain better fuels in order to get satisfactory 
operation. 
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FIG. 5. FURNACE FOR VERTICAL BOILER 


Some typical furnaces of desirable proportions for 
Illinois coals are shown in the accompanying drawings. 
All boilers are shown set at heights to give large 
furnaces. 

Fig. 1 indicates a horizontal baffled boiler with a 
typical furnace for Illinois coals. Even in the early 
stages of the art of smokeless combustion this furnace 
was known to be smokeproof up to high overloads. The 
ample proportions of furnaces as installed today render 
this furnace smokeless up to and even beyond 250 per 
cent. rating of the boiler. Fig. 2 shows a Stirling boiler 
with a desirable furnace for Illinois coals. Figs. 3 and 
4 show furnaces for vertical baffled boilers. These fur- 
naces have the same smokeless characteristics as the 
design shown in Fig. 1. The furnace shown in Fig. 5 is 
used with vertical boilers. These boilers lend themselves 
readily to full dutch-oven furnaces that make complete 
combustion and smokelessness easy to obtain. 

In all these designs the arch lengths and grate areas 
are dependent on the coal to be used. The furnaces 
shown are more liberally designed than those required 
for smokelessness and therefore will operate at better 
efficiencies than would be the case if minimum dimen- 
sions for smokeless operations were used. It is now 
known to be common practice with chain grates to ob- 
tain 70 per cent. efficiency and upward without smoke 
when operating at 200 per cent. of rating. 
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The important points to remember in connection with 
this consideration of the combustion of Illinois coals 
are: 

1. The coal produced from any of the Illinois seams 
in the southern part of the state is better than that 
produced from the same seams in the northern part. 

2. Of all coal produced in Illinois, 90 per cent. comes 
from seams Nos. 5 and 6. 

3. Coal is frequently imported into an actual pro- 
ducing district where it is burned in preference to the 
local product. Such districts are notably La Salle, 
Peoria and Belleville. This is an economic waste and 
should be corrected by the installation of suitable 
furnaces for burning the local coal. 

4. Even the poorest coals of the state are being 
burned at 200 per cent. of rating and beyond with good 
efficiencies. 

5. Chain grates are particularly well adapted for all 
Illinois coals, owing to the absence of clinker troubles. 

6. Smokelessness with chain grates using [ilinois 
coals can be assured. 

7. Higher efficiencies are being obtained by using 
furnaces more ample than the minimum requirements 
for smokelessness. 

TABLE I. TYPICAL 








ANALYSES OF ILLINOIS SCREENINGS BY 
DISTRICTS AND BEDS 


Moisture 
Fixed Carbon 
of Ash 


Volatile 
Basis 


Coal by District and 
Bed 


cial 


Ash 
© B.t.u. Commer- 


w Sulphur * 


District No. 1. 1 
La Salle Co. No. 2 

coal 
District No. 2.. 9.28 3 
Jackson Co. No. 2 

coal 
District No. 3.. 13.46 34.5 34.54 17.5 4.8 9,808 11,334 2,050 
Rock Is. and Mercer 

Co. No. | coal 
District No. 4...... 13.00 34. 37.08 15.2 4.5 10,353 11,900 2,179 
Springfield Nos. 5 

and 6... .. 12.2 33.2 35.00 19.6 4.00 9,719 11,070 ; 
Peoria No. 5 coal 
District No. 5.. . 6.75 33.49 46.72 13.04 3.00 11,493 12,325 2,291 
Harrisburg No. 5 

coal 
District No. 6...... 8.00 33.00 45.5 3.3 2.25 11,362 -!2,350 2,350 
Herrin No. 6 coal 
District No. 7.. 12.56 34.00 34.44 19.00 4.80 9,813 11,222 2,091 
Belleville ag 6 coal 
District No. 14.45 36.55 36.00 13.00 2.55 10,500 12,274 2,175 
Grape Creek” No. 6 

coal 
District No. 8b. . 12.99 35.55 35.0 16.46 2.93 10,070 11,575 2,125 
Danville No. 7 coal 


* Separate determination. 


TABLE II. CHAIN-GRATE PERFORMANCE WITH ILLINOIS COALS 


Vo) 


as 


~ 
NR 


8 34.64 20.16 


> 


© Fusion Temp. 


nN 
~~ 


© B.t.u. Dry 


“ 
oO 
a 
i) 


,509 


.97 49.00 9.75 1.29 11,975 13,199 2,425 


@o 


TM Sg sor stta i ois aa rani aaa ory ohare ates I 2 
‘Type of botler.............- Stirling Edge Moor 
Teme OF GION... 2. ics. Green-type K Green-type K 
Area of grate, 29-ft....... 99 100 
Ratio of grate area to hes ating surface 50. 66 52.8 
Duration of test, hours....... 
Horsepower rating of boiler........ 501 528 
eee. See eee Harrisburg No. 5 Franklin No. 6 
ae earner Santee 1} in. sereenings Screenings 
Moisture, per cent............... ; 3.3 5.6 
WeMntine, DOT CONE... cic cc ci cee ccaes ee 30.01 26 
Fixed carbon, per cent........... ; 50.94 53.6 
CN Sr ree re 11.35 12.1 
Sulphur, OS OE eer : 3.79 
a | a renee ; 12,000 11,572 
eS eee 13,270 12,250 
Furnace draft, in................ a 0.34 0.58 
Uptake draft, in....... otacs 0.73 1. 
Coal per square ‘foot of grate area per 

hour, lb... nn a waeeins 31.4 48.21 
Per cent. rating ES ee 164 244 
Combined efficiency, per cent............ 74.74 71.25 


Business secrets used to be considered a large part 
of the stock in trade, to be jealously guarded from all 
competitors. More recently it has become evident that 
such secrets were of but small value, in no way com- 
parable to the profits to be obtained from the appli- 
cation of new ideas worked out by one individual to 
the trade as a whole. 
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Meyeringh Proportional Lubricator 


The ordinary hydrostatic lubricator, the regulating 
valve once set, supplies the steam in the line to which 
it is connected with the same amount of oil independen‘ 
of the number of revolutions of the pump or engine by 
which the steam is consumed, thereby providing lubrica- 
tion that is not always in proportion to the load. 

With the proportional lubricator, as shown in the 
illustration, the quantity of oil fed to the steam line 
is automatically kept proportional to the quantity of 
steam flowing through the line. It comprises an oil 
reservoir, a condensation pipe formed as a flat spiral 
and a nozzle interconnected as indicated. As the ve- 
locity of the steam flowing through the nozzle is higher 
in the contracted part A than in the full diameter B, 
the gage pressure will be higher at B than that at A, 
thus forcing oil from the lubricator through the oil 





eae 


























| £ : 


RE | 


[ FLAT SPIRAL 
















































































































PROPORTIONAL LUBRICATOR ANID 
CONNECTION TO NOZZLE 


pipe C into the steam line. The difference in gage 
pressure between B and A is such that the quantity 
of oil flowing through the regulating valve D will be 
proportional to the quantity of steam flowing through 
the steam line. 

The condensation spiral E’ is so proportioned that 
all steam entering this line is eccndensed. Above the 
spiral the small line is filled with steam, and when 
the latter part is well insulated, no condensation will 
take place in it. By this device the hydrostatic action 
on which the hydrostatic lubricator is based is elimi- 
nated and only such forces work in the oil receptacle 
as give proportional lubrication. The advantage of 
the device is that it can be installed in a main steam line 
feeding one or more pumps and engines at the same 
time. 

The proportional lubricator is put out by the Oil 
Well Supply Co., Pittsburgh, Penn. 
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Reverse-Current Relays—Principles of Operation 


By VICTOR H. TODD 


NE of the problems confronting the users of di- 
rect-current apparatus is how to protect a cir- 
cuit or piece of apparatus from damage due to 
reversal of current or power. For example, a storage 
battery when connected to a station bus will motorize 
the generators if their voltage should drop below that of 
the battery; or when rotary converters are operating in 
parallel, if the alternating-current power to one ma- 
chine fails, the unit will be run as a direct-current 
motor by the other machines on the system. In con- 
ditions of this kind the ordinary overload-type circuit 
breaker will not trip out, because there is no overload; 
it is therefore necessary to provide a relay that closes 
its contacts and trips the breaker when the current re- 
verses. Fig. 1 shows such a relay with the cover re- 
moved, and Fig. 4 is a diagrammatic scheme of con- 
nections. 
In Fig. 4, A is the magnet frame and B an iron core 
about which the moving coil C is free to turn on jeweled 
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FIG. 1. MOVABLE-COIL TYPE REVERSE- 
CURRENT RELAY 


bearings at the top and bottom of the coil, very similar 
to the permanent-magnet movement voltmeter or am- 
meter. The field coil D is wound with a large number 
of turns of fine wire connected directly across the cir- 
cuit and magnetizes the polepieces N and S. It wiil 
be noticed that the potential on coil D does not reverse, 
no matter which way the current is flowing in the cir- 
cuit; consequently, the polarity of the magnet is always 
the same. The movable coil is connected through spiral 
springs, the same as a movable coil in a direct-current 
ammeter or voltmeter, to the shunt, which is in series 
with the loa’ When the current flows in the proper 
direction, the iurning effort, or torque, of the movable 
coil tends to keep the contact F firmly against the stop 
F and is also held in this position by the spiral springs. 
But if the current reverses in the circuit, the current 
through the movable coil is reversed, consequently the 
torque, therefore contact F' moves over against G. This 
closes a circuit to the shunt trip on the circuit-breaker 


and opens the circuit. Or if desired, it may close a 
definite time-limit relay, which in turn closes the trip 
circuit. The position of the stop F and the contact G 
is variable, so that the contacts will not close until the 
load has reversed to a definite predetermined amount. 
This relay has a scale marked in millivolts, as shown in 
Fig. 1, and may be set to act as low as 2 per cent. re- 
versal of current or as high as 100 per cent. 

The closing torque of this relay is proportional to 











PIG. 2. POLARIZED REVERSE-CURRENT RELAY 


the load, owing to the restraining effort of the spiral 
springs, consequently can be used as an excess-current 
relay since its time is inversely proportional to the 
excess current. Thus if the disturbance is mild, it may 
take as high as 8 seconds to close, allowing ample time 
for a transient disturbance to clear itself. If the dis- 
turbance is more severe, it may take only 1, 2 or 4 
sec., depending on the violence of the disturbance, while 
on a dead short-circuit the action in closing the con- 
tacts is almost instantaneous. 

Fig. 2 shows another type of reverse-current relay, 
which is not, however, capable of such accurate protec- 
tion. A schematic diagram of this relay is given in 
Fig. 5. A is a permanent bar magnet, with poles N and 

















FIG. 3 REVERSE-CURRENT RELAY ARRANGED 
FOR BUS-BAR MOUNTING 


S. Pivoted on the end of the magnet is an iron arma- 
ture B which has its ends polarized N’ and N’ by mag- 
netic induction. The iron cores of coils C and D also 
serve to complete the magnetic circuit of the bar mag- 
net. The coils are wound to produce poles N and S at 
the armature end with the current flowing in a normal 
direction. Then the N end of the lower coil repels the 
armature N’ and the S end of the upper coil attracts the 
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armature. This keeps the contacts FE and F open. 
Should the current reverse, the polarity of the electro- 
magnets is reversed and the armature end of the lower 
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SCHEMATIC DIAGRAM OF THE MOVABLE-COIL 
TYPE RELAY SHOWN IN FIG. 1 


coil will become S polarity, which will attract the 
armature N’ while the upper coil will become N and 
will repel the armature N’; therefore the armature 
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The relay may be adjusted to operate on a definite 
reversal by changing the position of the stop G or by 
varying the millivolt drop across the relay-coil leads. 
The millivolt drop may be obtained by connecting across 
a length of copper busbar. Allowing 1000 amperes per 
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SCHEMATIC DIAGRAM OF REVERSE-CURRENT 
RELAY SHOWN IN FIG. 2 





FIG. 5. 


square inch of cross-section, 6-ft. length of busbar will 
give 50 millivolts drop. A correspondingly heavier cur- 
rent per square inch will give the drop with a shorter 
span. Care must be taken that the relay leads span 
only the solid copper—that is, there is no joint included 
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FIG. 10 FIG. 11 


FIGS. 6 TO 11 


moves over and closes the contacts E and F on reversal 
of the current, which in turn may close the circuit to 
a relay switch, definite-time-limit relay or the shunt- 
trip coil on the circuit-breaker. 





DIFFERENT TYPES OF REVERSE-CURRENT RELAYS 


—as a slight resistance of a joint may equal several feet 
of busbar and the resistance of a joint is generally un- 
stable. The drop obtained in this manner will vary 


greatly with the heat, as the resistance of copper in- 
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creases with a rise in temperature. This, however, 
should cause no trouble, as_ reverse-current relays 
should never be set or reliance placed on a setting when 
a variation of 5 to 10 per cent. might mean the differ- 
ence between correct and incorrect operation. 

In Fig. 6 is shown a type of reverse-current relay that 
has its current and potential coil reversed from that in 
Figs. 1 and 2. The exciting coil FE is wound with heavy 
copper strap, and the movable coil located in the upper 
part of the relay is wound with fine wire placed in 
series with a resistance and forms the potential ele- 





wiG. 12. SCHEMATIC DIAGRAM OF REVERSE-CURRENT 
RELAY FIG. 8 


ment, or in other words, is connected across the cir- 
cuit. 

In the relay shown in Fig. 7 the current coil is dis- 
pensed with, as the iron yoke F forms the winding and 
gives enough magnetism for operation simply by pass- 
ing the circuit-breaker stud or terminal, where the re- 
lay is mounted, through the hole H. Fig. 3 shows a sim- 
ilar type, but is arranged for mounting on a busbar. 
The reverse-current relay, Fig. 8, operates on a some- 
what different principle from those in Figs. 3, 6 and 
7. This is shown diagrammatically in Fig. 12. The iron 
magnetic circuit A has a gap B on one side and an iron 
yoke C across its center. If the current in the heavy 
busbar D is flowing in the direction of the arrow, it 
will magnetize the yoke of a polarity as shown. The 
winding E is wound with a large number of turns 
of fine wire and is connected across the circuit so as to 
produce a polarity in core C, as indicated. It is evident 
that the effect of the current in the busbar and that 
in coil E is such as to cause a flow of flux through 
the magnetic circuit formed by the magnet A and the 
voke C of the potential coil EF, as indicated by the dotted 
line M. Very little magnetism will flow through the 
part of the magnetic circuit containing the air gap B. 
Should the current reverse in the busbar, however, the 
magnetism will also reverse and oppose that of coil EZ, 
but they will both unite in forcing the magnetism 
through the part of the circuit containing the air gap 
B. In air gap B is an iron core F, and when the mag- 
netism becomes great enough, the core will be attracted 
upward, thus closing the contacts C, which are shown 
clearly in Fig. 8. This type of relay is given an in- 
verse-time characteristic by equipping it with a retard- 
ing bellows B, which may be adjusted by the air valve A 
on top of the relay. 

Another slightly different form of reverse-current 
relay is shown in Fig. 9. An iron plunger is used and 
two coils are placed on opposite legs of the iron mag- 
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netic circuit. The arrangement is shown diagram- 
matically in Fig. 13. The iron magnetic circuit A and 
A, has a current coil B on one leg and a potential coil 
C on the other leg, with a core D located between A and 
A, arranged to move vertically. With the current flow- 
ing in normal direction the magnetism travels up one 
leg and down the other, as indicated by the arrows. 
There is no magnetism or at least a very weak field in 
the core ) under normal load. Should the current re- 
verse in B, then both coils tend to force the flux through 
the core 2). When this reversal is sufficient to force 


FIG. 18. DIAGRAM OF RE- FIG. 14. DIAGRAM OF RE- 
LAY FIG. 9 OPEN LAY FIG. 9 CLOSED 


enough magnetism through the core, it is lifted up and 
closes the contacts E and F by the contact disk G, as in 
Fig. 14, which in turn closes the circuit to a breaker-trip 
coil. 

When the current is 1000 amperes or more, the cur- 
rent coil is omitted and a relay like Fig. 10 is used, the 
cable or bus passing through the insulated hole H, the 
magnetic field set up about the cable being sufficient to 
operate the relay. If the relay is to be used with a 
vertical busbar instead of a horizontal one, the parts 


iT | 


= | Lay 
ct | ea a cs 
$ j — 














in 


/ 


| = | TRIP 
rt a ee Col 


| ; 
REVERSE | CURRENT 


RELAY 
Losatrantiats 


STORAGF BATTER? = * 





am 
srt 




















tLEVERSE-CURRENT RELAY CONNECTED IN 
ATOR AND BATTERY CIRCUIT 





are slightly rearranged as shown in Fig. 11, but the 
principle of operation is the same. 

In Fig. 15 is shown a typical case for protecting gen- 
erators from a reverse current from a storage battery. 
Under normal conditions the battery is either being 
charged or it supplies power in parallel with the gen- 
erator to the feeders F’. In either case the current will 
always flow along the positive bus toward the feeders 
F. However, if the generator voltage was to fall below 
that of the battery and current began to flow from the 
battery into the generator, the reverse-current relay 
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would act and trip the storage-battery breaker. Of 
course this condition could be reversed and have the 
reverse-current relay trip the generator off the line and 
allow the battery to carry the load. A similar protec- 
tion is afforded rotary converters against being motor- 
ized from a storage battery in case of failure of the 
alternating-current power source, by placing the trip 
coil that is energized by the closing of the reverse-cur- 
rent relay on the converter’s circuit-breaker. If several 
machines are operating in parallel and it is desired to 
protect each machine from reverse-current operation, 
then a reverse-current relay must be connected in on 
each machine. Sometimes there is apparatus that must 
be run without interruption except in case of actual 
damage to the apparatus itself, and even then the inter- 
ruption must be confined to the smallest possible areas. 
To this end spare feeders or iines are often run to each 
piece of apparatus, and in case of trouble on one line 
the other is switched on. 

If the apparatus is connected in a ring system, and 
reverse-current and definite-time-limit relays are prop- 
erly connected into the circuits, the faulty feeder or 
piece of apparatus may be automatically cut out without 
interruption to the rest of the system. 

If desired, under special conditions, most reverse- 
current relays may be adjusted to open the breaker when 
the load merely drops, instead of a full reversal, by 
making the contacts normally closed and using the cur- 
rent in normal direction to hold them open; the breaker 
will then trip on either a fall in load or on reverse. 


C. E. C. Tube-Secraping Device 


In the average boiler plant euipped with forced draft 
and burning bituminous coal, small sizes of anthracite 
or coke breeze, it is usual to operate the boilers at con- 
siderably above their rated or nominal capacity. High 
ratings are obtained by high air pressure under the 
grates, the effect of which is to lift from the grates 
small particles of incandescent coke and ash, which are 
carried through the boiler with the furnace gases. Some 
of this coke or ash adheres to the bottom and sides of 
the tubes in the bottom row above the fire. 

A gradual building up of this cinder continues, clos- 
ing the opening between the tubes so that the area of 
the gas passage is in time materially reduced, often so 
much as to reduce the capacity of the boiler. This 
cinder can be dislodged by cutting the boiler out of serv- 
ice and then scraping the cinder from the tubes, but this 
is an expensive operation and would be unnecessary if 
means were provided to make it possible to scrape the 
tubes while the boiler is in service. 

The usual tube-dusting doors provided in horizontal 
water-tube boiler settings do not give access to the 
under side of the bottom row of tubes. To meet this 
condition the Combustion Engineering Corporation, 11 
Broadway, New York City, offers the C. E. C. tube- 
scraping device consisting of tube-scraping door cast- 
ing, bottom-tube scraping doors, tube-cleaning or scrap- 
ing-wall boxes, access doors for tube scraping, as 
illustrated, the purpose of which is to provide openings 
in the front or rear wall of a boiler setting through 
which a light hook may be used for scraping the cinder 
from the bottom and sides of the lowest row of boiler 
tubes. 

These ooxes are made in sections with three, four 
and five doors which are spaced the same distance apart 
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as the boiler tubes in the boiler in which they are 
installed. Two or more sections are bolted on angles 
or Z-bars along the top and bottom sides, providing one 
opening or door for each space between the tubes. Tho 
openings are halfway between tubes so that the side: 
of the tubes may be reached as well as the bottom, and 
also the bottom of the second row of tubes. 

The castings are of sufficient strength to support the 
brick wall above them and they will, when placed under 
the rear header of a horizontal water-tube boiler of the 
Heine type, support the weight of the boiler also. 

The boxes are about 12 in. deep, heavily ribbed ver- 
tically between each door or opening. When installed, 
the brickwork is so laid that the boxes are protected 
from radiant heat, and being in short sections of 21 to 
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APPLICATION OF TUBE-SCRAPING DEVICE 
35 in. in length, will not warp and twist and loosen the 
brickwork above and below. 

Each opening is covered by a cast-iron, swinging 
door or cover, the lower end of which passes behind 
a tapered spring catch which can be adjusted by a light 
blow of a hammer to hold the door tightly against the 
box. 

When cleaning the tubes, the attendant takes a rod 
about 3 in. diameter and 10 to 12 ft. long, of the same 
shape as an ordinary firehook, with one prong about 
5 in. long. By striking a projecting lug on the door, 
the door is swung to one side and the hook pushed into 
the hole. The two tubes immediately in front of the 
opening are then scraped with one or two -passes of 
the hook along the sides and bottom, the hook is with- 
drawn and the door closed by striking the door lug with 
the hook. In this manner, the lower tubes may be 
cleaned once a day or as may be required. 
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Operation of Large Gas L7gines 
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Practical points with which the operator of 
large gas engines should be familiar, such as 
valve timing, ignition timing, over-rating of 
power and blower engines and remarks regarding 
eare, cleaning and overhauling. 





horizontal, four-cycle double-acting gas engine hav- 

ing two gas cylinders in tandem driving onto one 
crankpin unless the contrary is stated. In the case of 
blowing engines the air cylinder is behind and in line 
with the gas cylinders. These engines run at speeds of 
from 115 r.p.m. for 1000 b.-hp. size to 94 r.p.m. for 2500 
b.-hp. size. Larger sizes are at present obtained by 
employing four cylinders on two cranks. 

Valve timing varies with the make of engine, but 
good practice lies between the following: 

Inlet valve opens 20 to 35 degrees before dead-center. 

Inlet valve closes 30 to 45 degrees after dead-center. 

Exhaust valve opens 35 to 50 degrees before dead- 
center. 

Exhaust valve closes 15 to 25 degrees after dead- 
center. 

The precise values depend on the shape of the cams 
and on the gas pressure. Eccentrics call for the later 
epenings and earlier closings as a rule. It will be noted 
that both valves are open together at periods. 

Ignition timing should be at about 25 deg. of the 
crank before the dead-center when starting, advancing 
to 40 or 45 deg. at full speed; rather less for blowing en- 
gines. This timing must be checked by taking indicator 
diagrams, which should show a nicely rounded peak, 
neither too sharp nor too flat. 

In starting an electric power engine compressed air 
is the best medium. A pressure of 220 to 250 Ib. is 
suitable, but most engines will start with 150 lb. if 
sufficient air is available, although it is not advisable to 
adopt this low pressure, as the air is supplied to two 
out of the four cylinder ends. 

Assume that air is supplied to Nos. 4 and 3 ends, 
being those of the back cylinder. The order of firing in 
European designs is usually 4, 3, 2 and 1 from the rear 
to the front. The procedure then is as follows: 
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Open the stop valve in the gas main, but not those on 
the cylinders. If the engine has been stopped for some 
time, open the pet-cock on the gas pipe for the pur- 
pose of clearing air from the gas mains, keeping it open 
until the flame burns quietly and steadily. Do not open 
this cock unless it is known that the gas is under pres- 
sure. 

See that oil pressure is up and that the suction tanks, 
lubricators and grease cups are full. Then turn on the 
supply. Next, bar the engine over until the crank is 
about 30 deg. over the back dead-center, say 8 per cent. 
of the stroke, the engine being on the power stroke for 
No. 4, or the rearmost cylinder end. This is indicated 
by the cam or eccentric being about 50 geometrical de- 
grees (100 deg. of the crank movement) from beginning 
to open No. 4 exhaust valve. Then put the air-starting 
cam in gear and force open the automatic air-starting 
valves on the back cylinder to see that they are free. 

Pull out all ignition switches for the four cylinder 
ends, close the main supply switch on the ignition board 
and set the ignition distributor to 25 deg. before the 
dead-center. 

Turn on all cooling water and see that all discharges 
are running freely. Do not admit water into the ex- 
haust pipes until the engine is running. Then open the 
compressed-air stop-valve and have a man at the gas 
stop-valve of the front cylinder. 

As soon as the engine is fairly moving, usually after 
the first stroke, close the ignition switches for the ends 
1 and 2 (front cylinder) and slightly open the gas stop- 
valve on the front cylinder—about one or two turns of 
the handwheel, according to the type of valve and the 
gas pressure. Every station is a little special in this 
respect. The engine will not start if the stop-valve is 
opened too wide; therefore do not open it until the en- 
gine is moving. The front cylinder should now fire and 
the engine gather speed. 

As soon as the front cylinder fires, shut the air off 
the back cylinder, screw down on their seats the air- 
starting valves on the back cylinder, close the ignition 
switches of 4 and 3 and open the gas stop-valve on the 
back cylinder two or three turns. The back cylinder 
should now fire, and the engine will gather speed until 
the governor lifts and takes control. Always stand by 
the ignition board until the governor is in action. 

Next, open the stop-valves on the cylinders, adjusting 
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‘the hand controls if necessary and then advance the 
ignition to 40 or 45 deg. before the dead-center. The 
engine can then be put under load. Some adjustment 
of the hand controls may be necessary, however. 

When starting a blowing engine, first open the air 
escape or other starting valves on the air cylinder so 
as to take off all load at starting. Then proceed exactly 
as for an electric power engine. Where both gas cylin- 
ders are fitted for compressed air and it will not start 
on one cylinder, admit air to both cylinders until the 
engine turns over. Then shut off the air to the front 
cylinder and at once admit gas to that cylinder pre- 
cisely as for an electric engine. 

There is usually no governor on this type of engine, 
and the engine speed must be governed by a handwheel 
control. 

To put load on the engine open the stop-valve in the 
cold-blast main; open the stop-valve in the air-suction 
main, if any, and gradually close their air-escape valves 
on the blowing cylinder. 

In running the engine be systematic. Clean and in- 
spect. periodically to program and keep the engine, 
house, basement and auxiliaries clean. Also watch the 
gas and water for cleanliness and temperature. The 
gas temperature should not exceed 70 deg. F. except in 
summer, when it can rarely be much below atmospheric. 
It should contain not more than 0.01 gram of dust and 
tar per cubic meter (about 0.005 grain per cubic foot) 
and no suspended moisture. Dry gas is as important as 
clean gas. 

The water temperature should not exceed about 70 
deg. F. at the inlet to the engine, but here again at- 
mospheric conditions in summer may lift it. Provided 
sufficient water is available, no harm will result. The 
water must be free from acids and suspended matter 
and should be soft. 

Outlet-water temperatures should, in general, be kept 
below 120 dey. F., but. it may be necessary to use higher 
temperatures, particularly for the pistons and exhaust- 
valve boxes. A limit of 150 deg. F. is desirable. Re- 
member that there are local hot points which throw 
down scale at quite moderate water-outlet temperatures. 

Keep the water flowing in reduced quantity after stop- 
ping the engine until the outlet is cold. Shut off the 
piston water last. Otherwise the heat stored in the 
engine will throw down scale in the stagnant jacket 
water. Piston water should be under a pressure of 50 
ib. per sq.in. For blowers 40 lb. is sufficient on account 
of the lower speed. The water flow should be adjusted 
for variations of load, but rot for rapid fluctuations. 
Take check temperatures as may be necessary. Water 
for the exhaust pipes (injection) should be admitted 
after getting the engine running and shut off before 
actually stopping. Hard and salty waters are objection- 
able for exhaust cooling and silencing. 

If the gas is richer than the average, less gas and 
more air are required. Adjust the hand controls 
accordingly. 

Preignitions may be due to overloading the engine. 
Explosions in the exhaust are frequently due to a bad 
mixture, usually too weak a mixture. Adjust the hand 
controls to suit. 

The main bearings, slides and connecting-rod lubri- 
cation is generally fed from a common service. About 
20 lb. pressure is usual. Too much oil in the cylinders, 

stuffing-boxes and exhaust-valve spindles leads to car- 
bonaceous deposits and must be avoided. On the other 
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hand, insufficient or unsuitable oil cannot be tolerated. 
A good oil gave the following results: 


Flashpoint, open test, deg. F... 2.0... ......... Bane SER 450 
Acidity as H,SO,, under, per cent....... He ae preieeneGiereue 0.015 
Loss by heating { at 212 deg. F... : Bee aes Gi Loged erg Rete ean nil 

6 hours \ at 370 deg. F. wader, per cent... ...... 0 cc cescccce 3.0 
Fatty oils, per cent................ Pana e AI: Pony emcee See NR nil 
Resinous oils, per cent...... aXe Ties cigeele atta tonne Aa ances nal 
Absolute viscosity at 100 deg. F., per cent... .. Sires Riera 0.70 
Absolute viscosity at 200 deg. F., per cent... .......... 00.0 eee eee ee 0.115 


In Europe it is usual to use one oil throughout the 
engine, in which case an oxidizing, or sludging, test is 
important. The consumption in 24 hours for an elec- 
tric engine should be about 8 Imperial (9.5 U. S.) gal- 
lons per 1000 kw. rating. For a blowing engine about 
4.5 Imperial (3.75 U. 8.) gallons per 1000 brake-horse- 
power blower rating, in 24 hours. 

Hot piston rods are usually local and generally due to 
dirt in the stuffing-boxes. If possible take the load off 
the hot cylinder end, and in any case reduce it. When- 
ever possible slow the engine down but do not stop. If 
very hot, syringe the rod with oil. Putting a slug of 
kerosene through the box by means of the force-feed 
lubricator sometimes acts beneficially, but often it dis- 
lodges more carbonaceous deposit—if the box is in a 
dirty condition—and leads to other troubles. 

For indicating use a heavy mainspring (about 200 
Ib. to the inch) and a light spring (about -10 lb. to the 
inch) and take indicator diagrams once a week. A dia- 
gram taken with the former spring gives general in- 
formation and also the nature of the ignition. A nicely 
rounded explosion peak should be aimed at. If the 
ignition is too early, the peak will be very sharp. This 
slightly improves the economy, but increases the wear 
and tear on the engine. The engine will pound on turn- 
ing the centers if the ignition is too early. 

The light-spring diagram indicates the action of the 
valve timing, which is usually permanent, and also the 
influence of the hand controls, which sometimes get 
badly set. The desirable features are as follows: The 
reversals of the pencil line should be blunt rather than 
sharp at both ends; the suction and compression lines 
should cross the atmospheric line near their respective 
ends; and the pressure of the exhaust above atmosphere 
and of the suction below atmosphere should be small. 

The engine expands to the rear when working, anc 
this sometimes causes the brushes to short-circuit the 
rings of the ignition distributor. Adjustment of the 
distributor in relation to the brushes puts the trouble 
right. 

Dirty or wet gas, or excessive or unsuitable oil, will 
make the engine dirty and lead to preignitions. If 
these occur at normal loads, the engine requires laying 
off for cleaning. 

Leakage of gas past the joints between the cylinder 
and the covers, valve boxes or ignition plugs is danger- 
ous. It is most likely to occur at the exhaust-valve seat. 
The engine should be stopped and the joint remade. 

Leakage of gas from the stuffing-boxes must not be 
allowed to go too far, but a wisp of gas is not imme- 
diately dangerous. Blowing past the exhaust-valve 
spindle is noisy but not vital and can wait a moderate 
time for attention. 

Test the CO, in the exhaust gases once a week to 
check the combustion and efficiency of working. 

Cleaning and overhauling should not be overlooked, 
as much depends upon conditions, but the following is 
a useful guide: A general overhaul should be made 
every six months. The time may be increased to nine 
or twelve months if experience shows this to be safe. 
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Wash out the cylinder and cover the jackets every two 
months, more or less as experience dictates. Clean the 
stuffing-boxes every six weeks to six months according 
to the tvpe of box, class of oil, cleanliness of gas and 
as experience dictates. Remove and attend to the ig- 
nition plugs every six weeks to three months as experi- 
ence shows desirable. Remove and clean water-cooled 
exhaust-valve seats every two to six months as found 
necessary. 

When getting the engine ready for service, pay par- 
ticular attention to the following points: All cylinder 
joints to be thoroughly first-class; all joints, sliding or 
fixed, on the piston water service to be first-class; 
piston-rod coupling to be screwed up hard; evlinder 
covers to be screwed up hard and the oil filters cleaned 
frequently. 


Changed Ammonia-Condenser Piping 
By W. T. 
l was operating a 10-ton absorption ice machine hav- 
ing submerged condensers, and the amount of city water 
that went to waste caused considerable worry, therefore 
plans were laid to save it. The piping as originally 
laid out provided a cold-water connection to each tank, 
the overflow going to the sewer. The piping shown in 
Fig. 1 indicates the changed layout, which was arranged 
to make the flow of water counter-current to the flow of 
heat in the ice machine as far as possible. 
The problem of getting the water out of the second 
condenser tank and through the absorber into the upper 
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ply pipe to the pump ana a oall-operated valve was’ 
placed in the weak-liquor cooler. The ball valve was in- 
stalled upside down so that the valve opened when the 
water rose and closed when it fell. A §-in. pipe con- 
nected the diaphragm chamber of the steam-pump valve 
and the ball valve. Connected to this was a 3-in. pipe 
from the street water-pressure supply pipe having in it 
a valve to regulate the amount of opening. With the 
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BALL VALVE AND DIAPHRAGM VALVE 
CONNECTIONS 


water low in the weak-aqua tank the ball valve would 
be closed, and water pressure admitted to this pipe 
would close the diaphragm valve, stopping the pump. 
When water rose in the tank the ball-cock would open, 
relieving the pressure, the diaphragm valve would open 
and the pump would start. The leakage into the pipe 
was regulated by the valve. The water wasted from the 
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rie. 1 PIPING SHOWING CHANGED LAYOUT OF THE CONDENSER SYSTEM 


tanks was at first a hard one to solve, but it was event- 
ually done by installing a water-operated ejector in 
such a manner that the water was taken from near 
the top of the tank and forced through the apparatus 
by the pressure in the street piping. Water for the 
second condenser was supplied by a separate pipe car- 
ried to the bottom of the tank, which was removed by 
the ejector. The speed of the pump was controlled by 
the height of water in the first weak-liquor cooler. To 
do this a diaphragm valve was placed in the steam-sup- 


ball valve ran into the tank and was pumped with the 
other water into the house. 

When this system was put in operation, it was found 
that nearly enough water was used on the ice machine 
to supply the building for other purposes, and as we 
did not then have to save on the water for the ice 
machine we were able to use more of it and get lower 
head pressure on the ammonia, with a consequent sav- 
ing of steam to operate the pumps and generator. The 
slightly warmed water was welcome in the laundry and 
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saved steam there and in the hot-water tanks where 
steam, either live or exhaust, is used to heat it any 
way. The drinking-water system is an independent one 
and is supplied by a separate pump so that the slightly 
warmed water did not cause any complaint. As a re- 
sult of the chill being taken off the water, the piping 
did not “sweat” in the bathrooms, etc. 

It was found that these tanks as piped acted as 
water purifiers, as all of them collected large quantities 
of mud, which had to be washed out through valves 
placed in the bottoms for this purpose. The slight heat- 
ing of the water and the slow movement of it through 
the tank facilitated this action. Of course this meant 
less scale in the boilers and piping. Makeup water 
necessary to keep the house tanks full was supplied by 
another pump, regulated by a governor connected to 
the house-tank supply pipe. 

One night one of the engineers purged the absorber, 
by sticking the hose from the purge valve into the con- 
denser tank. The next day the chef complained that 
there appeared to be an ammonia leak in the kitchen 
somewhere near his range. 1 investigated and found 
that the ammonia odor came from the pot that he was 
using for cooking, and I immediatey started to test my 
condensers, etc., for leaks. When discussing the trouble 
with the night-engineer, the mystery was solved and he 
was requested to purge into a pail thereafter. 

The housekeeper used large quantities of aqua am- 
monia for various cleaning purposes and sometimes 
would come to me for a little when his supply ran out. 
One day I secured a large water bottle and filling it 
with water arranged it so that when purging the ab- 
sorber we would purge into this bottle. Escaping gas 
would be absorbed by the water, and when it became 
charged to about 10 deg. Baumé I would turn it over 
to the housekeeper and set a fresh bottle of water in 
its place. The house was saved the expense for this 
cleaning supply, and the engineer’s department did not 
lose anything by it, as otherwise it would have been 
thrown into the sewer. 


Pneumatic Ash Conveying 


Disposal of boiler-room ashes in the city is, in most 
instances, an annoyance and generally necessitates the 
installation of some kind of an ash-conveying system 
if the slow and tedious method of using ash cans is 
not used. Generally an ash bin has to be built in which 
to stow the ashes until they can be removed by trucks. 
If ash cans are used, there is the labor and city ordi- 
nances with which to contend and comply. 

The disposal of ashes from the city plants seems 
to have been solved by the Ash Removals, Inc., 347 
Madison Ave., New York City, who have a system 
that comprises the installation of a conveying pipe in 
front of the boilers to a point at the sidewalk where 
a connection is made to a motor-driven ash truck. 
The system as installed is illustrated herewith 

A 3x 8 ft. concrete pit is built in front of the boilers 
and is provided with sectional sheet-iron covers making 
it possible to uncover any section at will. An 8-in. 
conveying line B extends from beneath the concrete 
pit and terminates under the sidewalk at the curb. 
At convenient points in the pit ash intakes are inserted 
in the conveyor line. These intakes extend to the pit 
and are flush with the bottom of it. 

The conveyor truck consists essentially of a 6-ton 
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chassis equipped with a high-pressure blower driven 
by the truck motor, a washing device for eliminating 
dust from the air before exhausting into the atmosphere, 
a silencer and a steel bin or separator that is placed 
above the machinery and forms the body of the truck. 
The conveyor truck connects with the terminus of the 
conveyor line B at the curb by means of an extension 
pipe M, hung on a rocker joint, which allows ample 
flexibility for alignment in making the connection. 
The system operates as follows: Ashes are raked 
from the boiler ashpit into the concrete pit. Upon the 
arrival of the conveyor truck, the operator makes the 
necessary connections to the conveyor line and starts 
the blower, etc., on the conveyor truck. An assistant 
enters the boiler room for the purpose of feeding the 
line with ashes. When all ashes have been removed, 
the conveyor truck is disconnected from the conveyor 
pipe, and the ashes are discharged from the bin of the 
conveyor truck into a dump truck by gravity, through 








CONVEYOR TRUCK CONNECTED TO ASH-CONVEYOR LINE 


gates. The dump truck then proceeds to the point of 
disposal, and the conveyor truck proceeds to the next 
building to repeat the process. 

The system is installed under the following condi- 
tions: The conveyor line from the ashpit, bin or ash 
pile in the boiler room to a point under the sidewalk 
is sold to the plant owner, and for a stipulated sum per 
annum for a period of ten years the line is maintained 
against the sulphuric-acid decomposition and the abra- 
sive action of the ashes. The Ash Removals company 
owns and operates the conveyor trucks and sells this 
service at a fixed rate per cubic yard of ashes removed, 
based on the percentage of ashes resulting from a given 
quantity of coal consumed. 





Fear of foreign competition is leading many busi- 
ness firms to overcome their previous dislike for one 
another and to combine under the Webb-Pomerene Law; 
while the action of many Government agencies in 
eliminating competition during the war to iacilitate 
greater production has forcibly impressed all busi- 
ness men with the benefits to be obtained from the 
mutual interchange of ideas, 
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Draft Tubes at the Cedar Rapids Plant 


Tort built some years ago, the draft tubes wooden forms for the concrete tubes. Their huge 





of this great hydro-electric station, views of proportions are better appreciated by comparison with 

which are shown herewith, are interesting, par- the man in the left foreground. The picture below is 
ticularly because of the more broad recognition of the rather unusual and shows the finished tubes viewed 
possibilities of water power, interconnection of electric from their outlet ends. Notice the man standing in the 
systems, etc. The top view on this page shows the center foreground. 











WOODEN FORMS FOR THE CONCRETE DRAFT TUBES 
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Some Hints on Turbine Operation. 


By H. E. BRELSFORD 





The following aims merely to give operators a 
few hints on some of the important phases of 
steam-turbine operation. 





requires careful attention or there will be large 

losses attendant upon its operation. The inter- 
stage leakage is equivalent in its action and results to 
a leaky engine piston that lets steam pass through from 
one end to another or the valve that lets high-pressure 
steam escape by it directly into the exhaust space and 
thus do no useful work. This loss on small turbines 
may easily reach to 25 and 30 per cent. and even on 
large turbines to as high as 15 and 20 per cent. 

Frequently, turbines will run continuously for periods 
of one, two or three years with no inspection other than 
of governors or bearings. Then, when dismantled, it 
is found that there have been serious leaks between 
stages or through bypasses. 

Another large source of loss is in low vacuum, due 
either to such continuous running as noted above, which 
makes it impossible to clean the condenser, or to neglect 
to keep the vacuum pump in proper operating condition. 
In the region of 26 to 29 in. vacuum the average loss in 
efficiency is 6 per cent. per inch loss of vacuum. This 
low vacuum may be due to less than normal speed of 
the circulating pump or neglect to keep the glands prop- 
erly sealed, which also cuts down the quantity of water 
being circulated. 


. TURBINE is a simple piece of apparatus, yet it 


LOss FROM EXCESSIVE BACK PRESSURE ON EXHAUST 


If it is a noncondensing turbine, a considerable loss 
may result from excessive back pressure on the exhaust 
due to careless adjustments of the pressure regulator 
on the feed-water heater or poor vacuum (or no vacuum) 
on the heater system if the steam goes into such. The 
loss is from 14 to 2 per cent. for each pound of back 
pressure above atmosphere. It reaches a considerable 
value if the pressure varies from 5 to 50 lb. as it did 
in one plant recently investigated. Aside from the de- 
crease of efficiency it curtails the power of the turbine. 

In spite of the well-known results of superheated 
steam on turbine performance, it is still the exception 
to find industrial plants with boilers equipped with 
superheaters. From wet to extremely wet steam, is the 
rule, and some installations should have a waterwheel 
maker’s name-plate on them to indicate the actual con- 
ditions of operation. Such wet steam results not only in 
a loss of economy but in a rapid increase of bucket 
erosion and reduction in efficiency from loss of proper 
bucket contours. All steam turbines are subject more 
or less to deterioration under conditions of wet steam. 
High steam velocities relative to bucket velocity ag- 
gravate this condition. 

Many of the so-called steam separators on the mar- 
ket are of no use whatever, as the quality of steam on 
the turbine side of the separator is but little better than 
on the boiler side. Manufacturers seem to have lost 
sight of the fact that steam velocities in pipe lines have 
gone to such high values that there cannot be the same 
degree of separation as with low velocities. Most sep- 


arators are much too small in volume and length to be 
effective. 

Turbines are sometimes installed with the exhaust 
piping rising from the turbine and no drainage or in- 
adequate drainage provided. The writer has known of 
cases where the last one or two wheels of a turbine were 
constantly rotating with part of their periphery sub- 
merged in water that remained in the exhaust piping and 
backed up into the turbine casing. The loss of power in 
rotating even a thin disk at high speed with only a frac- 
tion of an inch of its rim contact with water is great. 
The water not only absorbs large amounts of power, 
but rapidly spoils the turbine buckets and in most cases 
will eventually loosen the turbine disks on the shaft. 
This destroys both the disk and the shaft as a rule and 
means, of course, shutdown, expense for repair parts 
and for installing them. See that a liberal-sized drain 
has a properly operating trap attached or other means 
of getting rid of all the water. 


TESTING THE VACUUM BREAKER 


A condition productive of accidents is often encoun- 
tered where turbines are connected to jet condensers 
by short pipes. Most such condensers are equipped with 
proper vacuum breakers that prevent flooding of the 
turbine if the condenser pump stops. There is always 
the possibility of such vacuum breakers sticking and 
they should be tested occasionally. Do not test them 
when the main unit is running or even warm. Build 
up a vacuum with the main unit stopped, then sud- 
denly shut down the condenser removal pump and notice 
whether the water goes into the turbine. If the vacuum 
breaker operates properly, it will prevent this. On sev- 
eral occasions the writer has seen large turbines stopped 
ulmost instantly from full speed by the condenser flood- 
ing the turbine. Such an event puts enormous strains 
on the turbine rotor, and in two cases it twisted off 
the turbine shaft and partly wrecked the turbine. Be- 
side this it puts temperature stresses in the turbine 
casing and may make the rotor rub hard before coming 
to a stop. 

BE PREPARED FOR TROUBLE 


If one of the wheels or disks came loose or was 
wrecked during operation, would you know what to do 
to remove the disk or buckets and put the turbine back 
into service? Would you know that the turbine could 
run under such conditions and that such operation could 
be continued until repairs were obtained? Would you 
know how much the power was decreased by eliminating 
one or more wheels? Would you know how to bring the 
power up to normal temporarily by installing a bypass 
in an intermediate stage? Would you know how much 
more steam would be required to get this additional 
power so you could determine what size bypass to use? 
If you installed such a bypass, would you know what 
connections to make so that the governor would control 
it and thus prevent overspeeding if the load dropped off? 

All these things can be determined, and even if one 
does not know about them, one should make plans’ to 
obtain such information or to at least know how to 
find it quickly. One can always resort to the expedient 
of wiring the manufacturer for an expert to come out 
and solve the problem. At times, however, one may 








106 


have difficulty in getting help, as such services are not 
xulways available. 

One of the first things a person thinks of when look- 
ing at a turbine is oil, simply because it is realized that 
lubrication must be nearly perfect to enable shafting 
to rotate at such speeds and with such smoothness. 
Oil may be likened to a suit of clothes. A cheap suit 
covers one as well as an expensive suit, yet not for the 
same length of time nor is it so strong for the same 
weight. It does not protect one so well from the elements. 
The same things are true of an oil. A cheap, poor- 
grade oil will not stand up to service so long as a good 
oil because it actually wears out. Neither is it uni- 
form, and therefore it does not protect the bearing sur- 
faces. The oil may be running all right at one time, 
and soon the bearings may be heating. Furthermore, 
the poor oil will not resist outside forces such as the 
influence of water or extreme heat any more than will 
the cheap suit. Such elements result in a rapid break- 
ing up of the oil and its total destruction as a lubricat- 
ing medium. Naturally the fundamental requisite for 
an oil is that it must lubricate; and lubricate is a large 
word. 

KEEP RECORD OF OIL TEMPERATURES 


A good turbine oil should maintain its lubricating 
qualities at 150 deg. F., and give a good average life. 
If oil is too thin at this temperature, the bearing sur- 
faces will wear and the tendency will be for the oil 
temperatures to rise and the structure of the oil to 
break up. An oiling system should reach a condition 
of equilibrium after about two hours’ run. Keep a daily 
log of oil and cooling-water temperature, the oil tem- 
perature being kept for each separate bearing. Plot 
a chart of water and oil temperature for each bearing. 
lf there is a steady tendency for these temperatures 
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to rise from the start, it is quite certain that the bear- 
ings are not receiving a sufficient supply of oil, are not 
fitted properly or that the oil is breaking down. As- 
suming that mechanical conditions are proper, the oil is 
to be looked to as the cause of the trouble. 

When the oiling system is charged with fresh oil 
take out a four-ounce sample and keep this corked in 
a bottle, properly labeled. After a week’s run take 
another sample. Allow it to set for several hours and 
compare it with the original fresh sample. You will 
at once notice the presence of any sediment, water or 
discoloration. Each week take out a sample, label it 
and compare with previous ones. This gives a visible 
record of the condition of the oil and in connection with 
the temperature charts will enable you to keep close 
tab on lubricating conditions. If the samples show 
presence of water, it is most important that its source 
be located and stopped, as water is an active agent 
of destruction to oils and their lubricating value. 


WuyY LUBRICATING OIL DISCOLORS 


Oil may rapidly discolor. If the surroundings and oil- 
ing system are such as to introduce much dust, they will 
discolor the oil. Water containing chemicals will do 
the same. Oil containing paraffin and mixed with water 
will discolor. An oil improperly refined, one mixed with 
other substances to give it body, or mixed with non- 
mineral oils will quickly color, and a difference in struc- 
ture can be noticed almost hourly. Such oils are dan- 
gerous and should be avoided. 

If you desire to experiment with oils or are intend- 
ing to use an oil not approved by the turbine manu- 
facturers, then you should accurately test each oil by 


actual operation in connection with close observation 
and records. 


The Electrical Study Course—Generation 
of Alternating Voltages 





Explains how an alternating voltage is generated 
in an electric machine, and shows what the value of 
the voltage will be at different positions of the 
armature. 





voltage as generated by a single conductor-cutting a 

uniform field was constructed. In the present lesson 
we shall plot a similar curve from a generator whose 
field is uniform and the lines of force in which are as- 
sumed to be parallel to one another, as indicated in 
Fig. 1. The armature has two taps, a and b, diametric- 
ally opposite each other, and is supposed to revolve in 
a counterclockwise direction as indicated by the curved 
arrow. At the instant the taps pass the mid-point of 
the polepieces, which is the position indicated in the 
figure, the voltage between them will be zero, since the 
conductors between a and d will generate a voltage op- 
posite to that generated by those between d and b, 
while the voltage generated by the conductors a to ¢ 
will oppose and neutralize that due to the conductors 
between c and b, as may be seen from the arrowheads 
on the windings. The turns that pass through the 


[« the preceding lesson the curve of an alternating 


positions c and d have no voltage generated in them, 
since they cut no lines of force, and are therefore left 
blank. 

When the armature turns 90 deg., the tap will pass 
through c and d, as in Fig. 2. At this instant the 
voltage across the tap will reach its maximum value 
as all the conductors between a and b will be generating 
voltages in the same direction. When the armature 
passes through the second 90-deg. position, as in Fig. 3, 
the taps a and b are again at the middle of the pole- 
pieces, but they have interchanged positions, and as in 
Fig. 1 the voltage is again zero. When passing through 
the third 90-deg. position—that is, when the armature 
has revolved 270 deg., as in Fig. 4—the condition will 
be the same as for 90 deg., Fig. 2, except that the taps 
are interchanged, causing their polarity to be reversed. 
After an entire revolution the cycle of changes would 
be complete, and it is evident that an alternating volt- 
age has been generated across taps a and b, increasing 
from zero in Fig. 1 to a maximum value in Fig. 2, 
decreasing to zero in Fig. 3, then reversing and in- 
creasing to a maximum value again in Fig. 4, after 
which it decreases to zero as the revolution is completed 
and the armature comes into the position shown in 
Fig. 1. 
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Knowing the value of the voltages for 0, 90, 180, 270 
and 360 degrees position, we can begin to construct a 
curve representing the alternating voltage generated. 
At 90 degrees we have passed through a quarter turn, 
or one-quarter cycle, at 180 degrees through a half turn, 
or one-half cycle; similarly at 270 and 360 degrees we 
have passed through three-quarters of a cycle and one 
cycle respectively. The points for the curve that we can 
plot will therefore be those indicated in Fig. 5 for 
h,d,k,c and h. Before the shape of the curve passing 
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FIGS. 1 TO 4. 


through these points can be determined, points for 
positions of the armature other than those so far in- 
vestigated must be found. 

From the fundamental theory of the generation of 
voltage we know that the voltage developed is directly 
proportional to the rate at which magnetic lines of force 
are cut across. From Fig. 7 it will be seen that when 
conductor 1 moves from A to B, it will cut all 
the lines of force between I and II; also when 2 
passes from B to C it will cut the lines between 
II and III. We can trace the movement of each of 
the conductors in this manner until we finally get 
to conductor 12, which in passing from N to P wil} 
cut the lines of force between XII and XIII. Since 
the number of lines cut in passing from one position 
to another is what determines the voltage generated in 
the conductor cutting them, it follows that the distance 
between lines I and II, II and III, etc., is a measure of 
the voltage generated in a conductor as it moves from 
one to another of the positions. If the distance from 
I to II is laid off equal to 1, careful measurement will 
determine the other distances to be those given in 
Table I. 


TABLE I. DISTANCES BETWEEN REFERENCE LINES IN FIG. 7 


I toll 1.000 V_ toVI 0:032 IX tor........ C48 
Il to IIl.. 0.983 VI to VII C722 & Ooae..... 0.322 
Ill tolV 0.949 VII to VIII 0.661 XI to XII .- CT 
| a ee . 0.899 VIII to IX... 0.557 XII to XITI.... 0.065 


Suppose, in Fig. 7, that in passing from A to B con- 
ductor 1 generates 10 volts; then it is evident that 10 
volts is generated for every like distance of field cut 
across. Since in passing from A to B the conductor 
moves from 1 to 2, a distance assumed to be equal to 1, 
then if we multiply the distance between the reference 
lines II and III, III and IV, etc., as given in Table I, by 
10 volts we will get the value of the voltage generated in 
each case. Making these multiplications for all the 
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distances given in Table I, we obtain the values of volt- 
ages appearing in Table II. 


TABLE H. VALUE OF VOLTAGES GENERATED BY CONDUCTORS 


IN FIG. 7 
Volts Volts Volts 
1 toll 10.00 \ to VI 8.33 IX tex ie 4.43 
II to lll 9.83 VI toVIl 7.20 & ea... Be 
III to IV 9.49 VII to VIII 6.6) Ai to X.... 1.96 
IV toV : 8.99 VIII to IX 5.57 Xt to Xi... 0.65 


Referring to Fig. 8, which is the same as Fig. 1, 
except that the armature has turned 30 deg. in the 


ee 





Fig.3 Fig. 4 


ARMATURE IN DIFFERENT NINETY-DEGREE POSITIONS OF A REVOLUTION 


direction of the curved arrow, it is evident that the 
voltages generated in sections pd and dl of the winding 
are equal and opposite, therefore neutralize each other; 
a Similar statement may be made regarding the voltages 
generated in sections me and en. This will leave sections 
pm and In effective in developing an electromotive force 


ef’ -F! 








Fig. 5 








FIGS. 5 AND 6. ALTERNATING-VOLTAGE CURVE 


across taps ab. The voltage between pm is twice that 
between hp. Referring to Fig. 7 the pressure between 
h and p is found to be that between I and V. Taking 
the values from Table II, we have 10+-9.83+-9.49+ 8.99 
=38.31 volts. Since the volts between p and m or | 
and n, Fig. 8, equals twice that between hp, it equals 
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38.312 or 76.62; that is, the volts across taps ab, 
Fig. 8, equal 76.62. 

In Fig. 9 the armature has revolved 30 deg. from 
the position in Fig. 8. In this position it is evident 
that the voltages generated in sections rd and df are 
equal and opposite, consequently neutralize each other, 
likewise for section gc and cg. This leaves sections 
gr and fq effective in producing an electromotive force 
across taps ab. The voltage generated in sections gr 
and fq is equal to twice that generated in hr, which 
from Fig. 7 is found to be equal to that between I and 
IX. Taking the sum of the values given in Table II 
for this section it totals up 66.35. Hence, the voltage 
between r and g, and f and q, Fig. 9, equals 66.35 2— 
132.7. 

In Table II we have all the voltages in one-quarter 
of the armature so that by taking their sum and multi- 
plying by 2 we can determine the value of the maximum 
voltage, or that developed across tap a and b in Fig. 2 
and Fig. 4. Doing so, we find the sum to be 76.66 
volts, which multiplied by 2 gives 76.61 « 2 = 153.22 
volts as the maximum voltage. We are now in a po- 
sition to determine the location of the intermediate 
points of the curve. If we let the vertical distances dd’ 
and cc’, Fig. 5, represent the maximum voltage, or 
153.22, all that will be necessary will be to lay off on 
the verticals erected at 7 and p distances r?” and pp’ to 
scale equal to 132.7 and 76.62 respectively, the voltage 
generated in the armature when in the position Figs. 
8 and 9, to locate intermediate points on the curve. By 
connecting these points, a curve representing the volt- 
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ARMATURE 


age on the first quarter of a cycle will be determined. 
On the next quarter of a cycle the voltage will pass 
through the same series of values but in the reverse 
order; that is, decrease from a maximum to zero. 
Therefore, by applying the foregoing methods to the 
other three quarters of the cycle, intermediate points 
7’ U n’, etc., will be determined, and by joining these 
points a curve, Fig. 6, representing the instantaneous 
voltage throughout the cycle, will be obtained. This 
curve, it will be observed, is identical in shape with the 
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curve obtained when only one conductor was used in 
the previous lesson. 

In the last lesson the problem given was to find the 
pull at full load in a 9.5-in. belt when connecting a 
25-hp. motor, running 825 r.p.m., to its load. The 
motors pulley was assumed to be 10 in. in diameter. 
Since 1 hp. equals 33,000 foot-pound-minute, the motor 
at full load will develop 33,000 « 25 = 825,000 foot- 
pound-minutes. The speed of the belt in feet, assuming 
zero slip and neglecting the thickness of the belt, is 
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FIG. 8. ARMATURE 
TURNED 30 DEG. 
OFF ZERO POSITION 


PIG. 9%. ARMATURE 
TURNED 60 DEG. 
OFF ZERO POSITION 


equal to the peripheral speed of the pulley, or this equals 


S ; 
Dp where D equals the diameter of the pulley in 


inches and S the revolutions per minute; hence the 
3.1416 « 10 * 825 
per min. Foot-pounds per minute — pounds pull « 
the distance in feet per minute, from which pounds 
full = foot-pounds per minute by distance in feet 
per minute, in this problem equals 825,000 — 2160 — 
382 lb. The motor was assumed to be operating on a 
230-volt circuit and taking 95 amperes a full load. Then 
the input in hp. = volts & amperes — 746 — 230 « 95 


Output x 100 _ 
Input 7 


peripheral speed — = 2160 ft. 


— 746 — 29.3. Per cent. efficiency — 


25 « 100 
29.3 


A motor is used to drive a generator; when the gen- 
erator delivers 225 amperes at 117 volts, the motor 
current is 73 amperes at 550 volts. The efficiency 
curve of the motor is furnished and at the load men- 
tioned the efficiency is found to be 82 per cent. Find 
the efficiency of the generator. 


= 85.3 per cent. 


A cylinder that leaks because of open-grained or por- 
ous iron can be made steam-tight in the following man- 
ner: Make a saturated solution of hydrochloric acid 
(also known as muriatic acid) and iron drillings; pour 
this solution into the cylinder or wash the interior of 
the cylinder with it; then apply ammonia water and 
a pressure of steam or air. When dry, the cylinder will 
be steam-tight. The hydrochloric acid solution is 
made like soldering acid except that iron drillings are 
used instead of zinc.—The Combustion Chamber. 
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New Heating and Ventilating System 
for Chicago Schools 


By JOHN HOWATT 


Chief Engineer, 


r | NXHE accompanying diagrammatic layout shows 
the heating and ventilating system designed by 
the Bureau of School Engineering, Board of 

Education, Chicago, and now installed and in working 

condition in the Rezin Orr and the Laughlin Falconer 

schools. The general design appears so satisfactory 
that arrangements are being made to use it in connec- 
tion with the construction of other school buildings. 
Standard heating and ventilating equipment as in- 
stalled in the Chicago public schools for the last 





Bureau of School Engineering, 





Chicago 


was developed. This general] idea is not original, but is 
new in Chicago public schools and has some features 
that may be of interest. 

In the new plan fresh air is taken through a shaft 
leading to the outside atmosphere at the roof line by 
means of power-driven fans, is drawn through temper- 
ing coils, or radiators, which temper the air to 70 deg., 
and is then blown into a large tempered-air plenum 
chamber consisting of an excavated space beneath the 
corridor on the first floor. This excavated space is 
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DIAGRAM OF 


twenty years, has been subjected frequently to the 
following criticisms: 
1. The layout called for the installation of long 


horizontal ducts, which provide ideal places for the 
settlement of dust so prevalent in Chicago air, from 
which the dust cannot be dislodged. 

2. The plenum-chamber system of ventilation’ is 
seriously affected by the opening of the classroom 
windows, the design being such that the opening of one 
or two windows will seriously affect the air distribution 
throughout the entire system. 

3. The difficulty in heating and ventilating only a 
part of the building when desired. 

4. The high cost of galvanized sheet-iron work during 
the last two years. 

These complaints were quite general, and it was 
in an effort to overcome them and provide an im- 
proved and more flexible heating and ventilating scheme 
that the arrangement for the Orr and Falconer schoc!s 
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obtained by removing the earth between the corridor 
wall foundations down to a point eight feet below the 
first floor line, then placing a cement floor on the bot- 
tom, thereby providing a tunnel or chamber the length 
of the corridor and fourteen feet wide, or the width 
of the corridor and eight feet high. 

Reheating coils are set below each tier of classrooms 
in recessed spaces constructed of concrete along each 
side of the tunnel. From these recesses, if the build- 
ing is three stories high, three hot-air supply ducts 
are carried, one to a classroom on each floor. These 
ducts are provided with automatic mixing damper ar- 
rangements whereby the air will be taken either from 
the reheated air space above the reheating coils, or by- 
passed around the reheating coils so as to take only the 
tempered air in the tunnel. 

In districts where the conditions warrant, an air 
washer may be placed in front of each blower, and 
some air cleaning and air moistening effect may be ob- 
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tained readily by having a finely perforated water pipe 
placed across each tunnel near the blower end. Each 
of these tunnels is provided with water piping and hose 
connections so that the walls and floors can be washed 
out daily, the floor being pitched to a suitable drain. 

The boiler equipment consists of three 66-in. x 18-ft. 
standard return-tubular boilers set with the Chicago 
Smoke Inspection Department’s No. 8 furnace. Steam is 
carried at about 100 lb. gage pressure. The assembly- 
hall blower is driven by a 10-hp. motor and the two 
classroom-supply blowers by 8 x 12-in. steam engines. 

Some of the benefits that are derived from this sys- 
tem of heating and ventilating are as follows: 

1. There are no horizontal] air ducts that cannot be 
cleaned. All ducts are vertical so that settlement of 
dust in them is reduced to a minimum. The tempered- 
air space under the corridors is so large, the air move- 
ment is slow, and as a consequence dust that is drawn 
in-from the outside settles in this tunnel space, from 
which it can be washed out daily through the drains 
by flushing from the hose connections. 

2. The design is less costly than the plans formerly 
used, as much of the sheet-metal work is eliminated. 

3. The system is flexible in that if only a few rooms 
are to be used, just that part of the building in use 
need be heated, as each individual group of reheating 
coils is separately controllable. The arrangement also 
provides for adjustment so that rooms on one side 
of the building may receive more heat than those on 
the other side, depending on weather conditions. With 
the plenum system of ventilation it has been our experi- 
ence that this factor is not as flexible as it will be with 
the new design. 

4. The arrangement permits to a considerable ex- 
tent the opening of classroom windows without disar- 
ranging of the entire ventilating system in the building. 

5. In a recent design of school building the base- 
ment has been omitted. This makes it difficult to 
make changes in the mechanical and electrical equip- 
ment after the building construction is completed. With 
the system designed for the Orr and Falconer schools, 
all the benefits of the basement-type construction are 
obtained in so far as the mechanical and electrical equip- 
ment is concerned, and repairs and alterations to pipe 
work can be made readily. Additions to the building can 
be made by extending the rooms at each end of the 
corridor, increasing the size of the classroom blowers 
up to the limit of the boiler capacity. 


Hy-Pres Oil Pump 


A pump that has a combination of variable capacity, 
constant speed and constant pressure, is found in the 
Hy-Pres oil pump, which is positive-acting and in which 
the volume of liquid handled can be varied while the 
speed of the pump remains constant. This performance 
of the pump, which is manufactured by D. H. McCorkle 
Manufacturing Co., Oakland, Calif., is made possible by 
the use of synchronously rotating two engaged bodies 
of different diameters on different centers. Referring 
to Fig. 1, A is the rotor mounted on a driving shaft; 
B is the inner rotating carrier ring, these two parts 
revolving in synchronism on their two centers; C is 
the abutment of the outer casing, and D is one of the 
vanes. The rotating carrier ring B is driven in 
synchronism with the rotor A. but revolves on a differ- 
ent center. The vanes are slidably pivoted in the rotor 
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and pivotally carried in.the carrier ring. This mechan- 
ical construction relieves the vanes of all driving or 
cramping strains and at the same time provides a 
positive mechanical means of keeping them in their 
proper adjustment during the revolution. 


The rotating 





FIG. 1. ROTOR AND 
CARRIER RING 
CONCENTRIC 


FIG. 2. ROTOR ECCENTRIC 


TO CARRIER 
RING 


carrier ring B has three large rectangular ports in 
its periphery, which register with the inlet and outlet 
in the main casing C. 

In operation, referring to Fig. 1, the center of the 
rotor A and the center of the rotating carrier ring B are 
concentric, and as the displacement is equal on all sides, 
the parts will rotate without displacing any liquid. By 
means of an external adjusting handwheel the center of 





FIG. 3. HY-PRES OI]. PUMP 

the carrier ring can be moved in a horizontal direction 
along the center line, as in Fig. 2, and in this position the 
displacement diametrically across the pump on the center 
line is unequal. It will thus be seen that the dis- 
placement between members A and B is unequal, and 
that the volume of liquid forced through the pump 
depends on the degree of eccentricity between these 
two revolving parts. The adjustment can be made as 
slowly or as rapidly as desired, allowing the pump capac- 
ity to be varied without affecting the pressure. 











-_ 
? 


aowv = 1 





July 15, 1919 





TNE iit} a) 
cx y 





Ia "i "8\"S\"A\ “6. "8 8 





Fallacies in Boiler Operation 


N A paper read before the American Boiler Manu- 

facturers’ Association at its recent meeting in Buffalo, 
Dr. D. S. Jacobus said some things that will bear wider 
circulation; not that he uttered new truths, but that 
he emphasized, in that casual way which is one of his 
charms, some fallacies not broadly enough recognized 
as such. Dr. Jacobus enjoys the distinction of being a 
premier in boiler matters, therefore his words have 
weight. 

One fallacy to which he refers is the importance, as 
an indicator of boiler efficiency, of certain percentage 
contents of carbon dioxide in flue gases, particularly 
where firemen are paid a bonus based alone on this 
product of combustion. He says, “How high a per- 
centage should be aimed for depends upon the form 
of furnace and the furnace volume. Ordinarily, with 
coal it does not pay to exceed about thirteen-and-one- 
half per cent.” It may be said that for many installa- 
tions one should become suspicious when the percentage 
of carbon dioxide exceeds fourteen. When it does, with 
coal as fuel, there usually is present enough carbon 
monoxide to offset the apparent gain indicated by the 
high carbon-dio:ide content. The aim should be in 
most installations to get the highest carbon dioxide 
with no, or but a trace of, carbon monoxide. 

When bonuses are paid on a carbon-dioxide basis 
alone, the firemen will soon discover that “juggling” 
of fires will net the greater returns although it may 
cost the owner more than it’s worth. But experience 
shows that firemen might better strive for high carhbon- 
dioxide content than not strive at all. Exerting con- 
scious effort to produce what, broadly speaking, is an 
indicator of efficiency, they do get somewhere on the 
road of improvement. 

Another fallacy to which he called attention is that 
of presuming that average flue-gas analysis combined 
with the known percentage of carbon in the ash is a 
measure of the efficiency of the furnace. This leaves 
out of consideration the fact of secondary combustion. 
Of course all combustion should be completed in the 
furnace; it should not continue along among the tubes, 
even away back to the uptake end. Delayed combustion 
is better than little or no combustion, when there are 
combustible gases passing through; but results will 
make it worth while to try to complete the combustion 
in the furnace proper. 

“A general impression prevails that test results are 
one thing and operating results another, and that the 
operating results necessarily fall considerably below 
the test results. There is no reason why this should 
be so in the majority of cases.” It will be a long 


time before power-plant men will be so convinced of 
this that there no longer will be cause to make the 
statement. Most men like to nourish the belief that 
there is an unbridgeable gap between everyday opera- 
{ion and test operation. But is it so?) Not in modern 
plants, at least. It is the boiler room where the great 
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sources of waste are located, and until recent years 
it has been the boiler room which was the most neglected 
part of the plant. But the modern boiler room is much 
different, particularly if the plant is of large or mod- 
erately large capacity. Everything is quite automat- 
ically done, even to the breaking and discharge of the 
ash. The control board is formidable with instruments 
which, with the intelligence now usual in such plants, 
enable such exactness of control as to insure without 
inconvenience a standard of operation equal to that had 
on tests. 


Second-Hand Equipment 


ISMANTLING and reduction in size of many of 

the plants engaged in strictly war work has caused 
the market to be flooded with large quantities of second- 
hand machinery and equipment. The matter of de- 
ciding whether it is advisable to purchase second-hand 
equipment of this nature or to install new material 
confronts many buyers at this time, and the question 
is an important one because the purchase of the used 
equipment, if rightly done, offers great posajbilities 
for saving and quick deliveries. 

Probably the greatest source of trouble in suena 
with second-hand purchases is that the average buyer 
is tempted to purchase such apparatus because it is 
cheap—even though it does not exactly suit his require- 
ments. Unless used equipment is just the size and 
type suited for the conditions to be met, it is undoubt- 
edly good policy to let it alone and invest in new 
machinery, which will do the work at the best efficiency 
and at the least cost, because the difference in initial 
outlay can soon be wiped out by increased operating 
costs. ‘ 

If used machinery of the proper capacity and type 
is available, then a careful study of its age, condition, 
performance, etc., should be first made. This is espe- 
cially important in the case of pressure vessels. Usualiy, 
some information as to its condition can be obtained 
from the plant in which it Was originally installed, but 
it is frequently advisable to check this information by 
applying direct to the maker of the equipment, giving 
sufficient information to enable him to identify it from 
his records, and then asking for details as to its per- 
formance, date of installation, probable life in active 
service, and also its present cost if new, which last is 
of value in determining the reasonableness of the price 
asked. It will usually be found that the manufacturer’s 
recommendations along these lines are well worth 
while because in the long run he is interested in up- 
holding the reputation of his equipment and endeavor- 
ing to prevent a “trouble case” or bad reference. 

No second-hand machine ought to be purchased 
without a personal inspection to determine its physical 
condition, the completeness of its parts, ete. In- 
spection of the fittings and bearings is especially im- 
portant. Frequently, it will be found that the fittings 
and fixtures that are missing when the machine is to 
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be i#stalled will more than make up the difference in 
cost between a used machine and ~ row one. 

Summed up, the purchase of used or second-hand 
equipment that is fully adapted to the new working con- 
ditions, is in good operating condition and is con- 
siderably lower in price than new equipment constitutes 
a good “buy” in the vast majority of cases, but the 
prospective purchaser should take some pains to deter- 
mine whether the points mentioned are fully and satis- 
factorily covered, and not be swayed by the human 
impulse to “jump at a bargain,” just because it is some- 
thing cheap. 


Reverse-Current Relays 


URING the early days of the electrical industry 

the problem of the protection of circuits and equip- 
ment was one in which the chief concern was given to 
disconnecting the fault as quickly as possible. This 
generally could be accomplished by the use of fuses or 
circuit-breakers with an instantaneous trip. However, 
as the size of electric-power systems increased and they 
were complicated with a multiplicity of circuits and 
apparatus, and the necessity of continuity of service 
became an important matter, the problem of protection 
developed into one of not only protecting the apparatus, 
but also of localizing the fault to the circuit on the 
piece of apparatus where it occurred. To meet the 
various conditions of protection required for machines 
operating in parallel or in parallel with other equip- 
ment, or for isolating the faulty circuit in the various 
feeder ‘systems, there has been developed a number of 
different types of relays. Among these devices the re- 
vérse-current relay has, especially in the protecting of 
direct-current circuits and apparatus, a wide applica- 
tion. 

One of the prime applications of reverse-current 
relays is for the prevention of the reversal and the dis- 
charge of current from a storage battery into the 
charging source should the voltage of the charging 
equipment fail. In addition to this there are numerous 
other applications where the reverse-current relays may 
be used. Rotary converters operating in parallel with a 
stand-by storage battery is another case in which a 
highly sensitive relay of the reverse-current type is re- 
quired. Or where rotary converters are operated in 
parallel, if the alternating-current supply fails on one 
machine it will be motorized from the direct-current 
bus. Even if the alternating-current supply is inter- 
rupted only for a short time, it is unsafe to run the 
converter inverted although the power consumed is 
very small, since it may run at damaging speed, and in 
any case, were the alternating-current supply to be es- 
tablished after a very short interruption, the converter 
would not be running in synchronism and might cause 
considerable damage. Therefore the reverse-current 
relay must be highly sensitive and trip the breaker 
immediately upon a slight reversal of power in the 
direct-current end. 

There are many instances in which reverse-current 
relays may be applied to give protection to direct-cur- 
rent apparatus and to preserve continuity of service 
in case of failure of line or machines. While their 
general use has been limited by the initial cost and the 
relatively small size of direct-current transmission sys- 
tems, they are becoming more and more to be recog- 
nized as an indispensable factor in the correct operation 
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_of any plant. «another reason why they have not come 


into more general use in the various plants is because 
the users of the electric energy have grown into the 
habit of considering an interruption as an unavoidable 
evil. Were the protective relays better understood, it 
would at once be realized that interruptions are not 
necessary evils, but that a large percentage of them 
on many of the smaller power systems may be avoided 
by the proper use of protective relays. In an article, 
“Reverse-Current Relays—Principles of Operation,” in 
this issue, Victor H. Todd describes the principles of 
operation of a number of different types of reverse- 
current relays and their applications. A better under- 
standing of the principles of operation of these devices 
by those who are responsible for their reliable opera- 
tion will be of great assistance in getting out of the 
devices that for which they are designed and provide 
insurance against shutdown. 





The perpetual-motion man is again abroad. We have 
received an attractive-looking circular put out by the 
United Powers Company, San Francisco, California, 
heralding the great possibilities of a six-hundred- 
horsepower fuelless engine. It is said to be the in- 
vention of one C. C. Thorn, whose name appears as 
general manager of the company. But not only have 
they to offer a six-hundred-horsepower engine requiring 
not a cent for fuel, but as a side line there is an 
electric augmentor possessing, according to the circular, 
the wonderful ability to multiply electricity from four 
to fourteen times, and still “not a cent for fuel.” Oh, 
yes, a whole page is devoted to the great returns which 
the unsuspecting investor is to receive. 





There is need for closer codperation between the 
designing engineer and the architect. The latter always 
holding the architectural features paramount and usu- 
ally with a very superficial knowledge of the mechanical 
details of the power plant, is sometimes responsible for 
conditions that lead to inefficient operation. 


Don’t forget that the erecting man may be laboring 
under adverse conditions with no shop facilities at his 
command. Therefore, see that the machine leaves the 
works only after careful inspection and accompanied by 
all the necessary accessories and tools. It may save 
days of delay. 





The index to Volume Forty-nine of Power, covering 
January to June, 1919, inclusive, is now ready and may 
be had upon application. If you have saved your back 
copies, don’t fail to get one so that your volume will be 
complete. 





Power-plant records count when they can make a 
good showing in the balance sheet, but the bookkeeper 
takes joy out of life when he discloses losses that 
counterbalance apparent gains. 





One rain drop won’t make a crop and one Thrift 
Stamp won’t make a fortune, but both usually bring 
others of their kind with them. 





Keep your Liberty Loan interest working for you by 
investing it in War Savings Stamps. 
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A Disordered Shaft Governor 


The style of governor used on the three vertical com- 
pound high-speed engines that drive the electric genera- 
tors in a large office building is shown in Fig. 1. These 
governors were originally provided with roller bearings 
for the pivot pins at the points of attachment between 
the inertia bars and the spring connectors. A cross-sec- 
tion of these bearings is shown in Fig. 2. 

A recent overhauling of the engines revealed that at 
some previous time the rollers had been removed from 
these connections, thus leaving each 3/4-in. pivot pin 
resting upon the periphery of the 1 5/8 in. hole in which 
the entire bearing previously had been housed. This 
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Fig. 3 
FIG. 1. TYPE OF GOVERNOR EMPLOYED. FIG. 2. PIVOT 


PIN ROLLER BEARING. FIG. 3. BEARING AS IT 
HAD OPERATED WITH ROLLERS REMOVED 


condition is shown in Fig. 3. That the governors had 
been running this way for a long period was attested 
by the fact that the pins were worn oval in cross-section 
and had hollowed out recesses at their places of contact 
to a depth of over 1/4 inch. 

Notwithstanding this the governors had continued to 
give fairly good regulation, indications that there was 
anything seriously wrong with them having been mani- 
fested only when wide variations of load occurred. At 
such times the engines would stagger, perceptibly for 
some seconds before the governors could adjust them- 
selves to the altered conditions. A. J. DIXON. 

St. Louis, Mo. 


Don’t Take Chances with the 
Synchronoscope 


I was deeply interested in F. J. Gillool~’s article, 
“Don’t Take Chances with the Synchronoscope,” in 
Power, Apr. 29th issue, since it brings to my mind 
similar incidents. An operator was synchronizing a 
5000-kw. slow-speed alternator direct-connected to a 
Corliss engine. The alternator had its separate bus- 
selector and main oil switches. After the operator had 
closed the main switch, the synchronoscope continued its 
travels. He then discovered that he had forgotten to 
close the bus switch; and almost as quickly closed it. 
In about a minute he opened the switch again, and for 
half an hour the engineers were busy adjusting the 
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valve gear of the engine, which had been completely 
thrown out of adjustment by the disturbance of the 
alternator, which would not pull into step. 

In a 5000-kw. plant, where the engines were of an 
old type and the load carried subject to wide swings, 
the synchronizing was done with dark lamps. The oil 
switches were of the “barrel” type. Their tanks were 
under the switchboard, and they were operated by 4 
rod mechanism with a wheel handle. The switches 
made a wiping contact by being revolved successively 
from “Off” to “No. 1 Bus,” “Off,” “No. 2 Bus” and 
“Off.” The rod carried a pointer which indicated on 
a dial on the floor the position of the switch. As too 
strong a turn of the handle would operate the switch 
beyond the point intended, the attendants made a prac- 
tice of placing one foot on the dial as a pointer stop. 

After a particularly trying siege of synchronizing, 
one operator gave so savage a turn on the handle that 
the pointer not only failed to stop at his foot, but 
traveled up over his shoe and held him prisoner by his 
toe. To free his foot meant taking the machine off the 
bus and resychronizing it against the other already 
overloaded units. 

In the 11,000-kw. plant supplying the combined load 
of a fair-sized city all the primary equipment was lo- 
cated in a basement switchroom. The potential trans- 
formers, with their fuses attached to them, were 
mounted above the oil switches, out of sight from the 
floor, and near the open busbars, which were protected 
only by wooden barriers between phases. An operator 
was being trained, and while synchronizing a 2500-kw. 
turbo-alternator, he became nervous and closed the 
switch about 90 deg. out of phase. Then, at the first 
groan of the generator he tripped the switch out, never 
giving the machine a chance to settle down and drop 
into step. 

On stepping up to do the job, the regular operator 
found that he could get no voltmeter or synchronoscope 
indication. Somewhere “down the cellar,” he knew, 
there was a fuse blown; but the stuff down there was 
too crowded and dangerous and altogether “too hot for 
him to go snooping around” in search of an open cir- 
cuit. Reserve units were not kept warmed up for 
emergency use in that plant. To turn over the auxilia- 
ries and start another unit might consume an hour. The 
engineer was anxious to get some load off the running 
machine, which had become overloaded before the second 
one was started, as was the customary procedure. He 
was so insistent that the operator had to accede to his 
demands. All load was dropped off the bus; both ma- 
chines were slowed down, then brought up together to 
speed and voltage with their switches closed on the 
bus; and the second machine made to carry load with 
only its ammeters registering. 

All of which indicates that the layout of the instru- 
ment and control wiring and the location of all fuses 
and other apparatus should be the intimate knowledge 


of the operator. R. A. PHILLIPS. 
New York City. 











Testing Crankshaft Alignment 


I have recently learned a new method of testing the 
alignment of gas-engine crankshafts, which is giving 
good results, and I pass on the idea in the hope that it 
may prove useful to others. Place the crankshaft on 
its top center and with either a micrometer gage or 




















TESTING CRANKSHAFT ALIGNMENT 


one made of round iron, gage between the crank webs 
at the bottom. Turn the crankshaft around till it is 
in its bottom position and gage again. It is likely that 
a surprise is in store when this is done. When the 
amount that some of them will open is observed, one 
will not be surprised that so many gas-engine crank- 
shafts break. Usually, it is the bearing on the driving 
side that is low. A. BENNETT. 
Wigan, Lancashire, England. 


Cooling-Water Temperature 


The vital necessity of a reduced flow of cooling water 
on low loads in Diesel operation seems not to be gen- 
erally understood by the oil engineer. With gas or 
gasoline engines with quantity control or constant ex- 
plosion, the amount of air drawn into the cylinder, as 
well as the amount of gasoline vapor, is generally regu- 
lated according to the load. On low loads the air suction 
is choked, producing a lower air pressure in the cylinder 
at the beginning of the compression stroke. This, of 
course, results in a lower final compression pressure 
of the mixture of air and gaseous vapor. In order to 
raise this to the highest possible value, thereby im- 
proving the efficiency, it is always advisable to reduce 
the cooling-water flow. Doing this raises the cylinder 
temperature, and likewise the terminal pressure. How- 
ever, the gas engine will successfully fire the charge 
practically regardless of the pressure carried, the lim- 
iting factor being the leanness of the mixture. The 
gasoline, being completely vaporized, is of course easi!v 
ignited. 

The fuel charge of the Diesel engine is injected into 
the cylinder in a rather undivided condition in com- 
parison with the vapor charge of a gasoline engine. 
The ignition is achieved solely by the high temperature 
of the air charge, which at full load will be around 1050 
to 1400 deg. F. This temperature is the result of the 
compressing of the air by the engine piston further 
augmented by the absorption of heat from the cylinder 
walls. 

Such high temperature is necessary to ignite the rela- 
tively large globules of fuel oil. If the temperature is 
reduced below a certain degree, dependent on the kind 
of oil, etc., no ignition will occur. If the temperature 
is dropped below 1000 deg. F., the combustion will be 

faulty. 
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Since the fuel charge is small on low loads, the 
amount of injection air blowing into the cylinder is 
greater than at full load. This air, expanding from 
a pressure of 900 lb. to 500 lb., chills the oil and the 
cylinder air charge, thereby making the ignition diffi- 
culties still more pronounced. 

It is then apparent that the temperature, and conse- 
quently the compression pressure, of the cylinder air 
charge must be kept up to normal on low loads. If 
the cylinder-wall temperature remains constant, then 
the compression pressure will have a constant value, fo: 
the volume of air drawn into the cylinder is always the 
same at constant temperatures. To obtain a constant 
wall temperature it is necessary to reduce the flow of 
cooling water on low loads. The amount of heat evolved 
from the fuel combustion is reduced, and consequently 
the amount of cooling water required is likewise re- 
duced. In fact, it is of advantage to reduce the flow 
until the discharge temperature shows an increased 
value of from 10 to 15 deg. F. Undoubtedly it would 
be an improvement if manufacturers placed the cooling- 
water flow under governor control. E. E. SNow. 

Philadelphia, Penn. 


Method for Welding Induction-Motor 
Rotor Bars to End Rings 


We were experiencing considerable trouble with 
keeping the end rings soldered to the rotor bars of 
10-hp. alternating-current induction motors used to 
drive our freight elevators. The soldering was done 
in a local electrical repair shop, but as the price of 
labor and material went up so did the bills for repairs. 
It was decided to have the bars welded to the end rings 
if possible, but we were informed that this could not 
be done as the high temperature due to welding would 
destroy the rotor slot insulation. However, after some 
consideration of the matter it was decided to put the 

















ROTOR PLACED IN CAN OF WATER 


rotor into a tin can, made for the purpose and filled 
with water, as shown in the figure. The can was filled 
until the water came just above the rotor’s slot insula- 
tion, leaving the end of the bars and end ring to be 
welded above the water. The bars were welded to the 
rings with Tobin bronze, the rotor dried out and bal- 
anced and the machine put back into service. The first 
machine that had its rotor conductors welded has been 
driving a treight elevator for about five months without 
any sign of trouble. The cost of welding was about 
one-third that of resoldering. THOMAS SHEEHAN. 

Springfield, Mass. 
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Handy Tools for Surface Condenser Work 


Considerable time can be saved when removing, re- 
placing and repacking surface condenser tubes if the 
proper tools are utilized. The tool first used will de- 
pend upon whether the tubes are expanded into the 
tube head or whether the packing is held in place by the 


ordinary threaded and slotted ferrule. If expanded 
into the head, the first tool needed will be an ordinary 
rectangular ended calking tool with which the slight 
flange or bell of the tube can be turned in. This tool 
can be easily forged from a piece of hexagon tool steel 
as shown at the top of the illustration, the working end 
being about one-quarter inch thick by three-quarters 
inch wide and length of an ordinary chisel. 

The second tool, called the backing-out tool, is made 
from a piece of cold-rolled steel, the diameter being the 
same as the outside diameter of the tubes. One end is 
turned down for two or three inches to a diameter 
slightly less than the inside diameter of the tube, as 
shown at A. When the tool is driven into the tube, the 
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TOOLS FOR CONDENSER WORK 


shoulder will force the tube out of the head enough 
to permit of its being removed. 

In case the tube ends are packed, a tool similar to A, 
with a crosspin inserted just against the shoulder C 
and made to fit the slot in the ferrule, is used, the di- 
ameter of the smaller end being slightly less than the 
inside diameter of the tube, and the diameter at D 
back of the shoulder the same as the outside diameter 
of the ferrule. The head end can be made hexagonal so 
that a wrench can be used on it, or it can be drilled as 
shown with two holes at right angles through which a 
bar can be inserted for turning it to back out and screw 
in the ferrules. 

In replacing the tubes it is sometimes necessary, if 
they are of an unusual length for this diameter, to 
insert a rod into the tube of slightly greater length 
than the tube in order to feed it through the baffle 
plates and into the opposite head. In case the end of 
the tube sags down, an ordinary piece of round iron 
can be slipped through the tube sheet and into the tube, 
permitting the feeding of the tube into the tube sheet. 

The next operation is to expand the tubes into the 
sheet with a regular expander for this purpose, or in 
the absence of one, the tubes can be swaged into place 
with a bluntly tapered tool that will expand the end of 
the tube while some one holds a backing-out tool against 
the other end. 
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If the tubes are packed in with either corset lace or 
fiber ring, a packing tool is made by taking a piece 
of the tubes in use and grinding away one-half of it for 
a length sufficient to reach the bottom of the stuffing- 
box and then expanding the remaining half to a cir- 
cumference slightly greater than the tube but just so it 
will go into the packing space. 

The bottom illustration shows the manner in which 
the tube is ground away so that EF presents a semicircu- 
lar end which will enable one to pack the tube ends in a 
rapid and satisfactory manner by driving on the end F 
lightly with a hammer. After sufficient packing is in, 
the packing wrench C is brought into use and the ferrule 
is tightened up, ready for a test to see whether a tight 
job has been made. 

There are two methods of making this test. One 
way, which usually requires considerable time, is to 
fill the steam space with water and look for drips from 
the tube ends. A more speedy way is to start the air 
pump, which will exhaust the air from the steam space 
and at the same time cause air to be sucked in through 
any ruptured tube or leaky packing to the extent that 
it can be easily heard and traced by simply running the 
hand flatwise over the tube ends; or if there should be 
too much noise from the outside, by using a candle over 
the ends of the suspected tubes, the flame of the candle 
being drawn in wherever there is an air leak of any 
importance. F. M. STERLING. 

Canton, Ohio. 


Testing Boilers for Air Leakage 


Practically every up-to-date boiler plant has a flue- 
gas analysis instrument. In most cases this instru- 
ment is used only as a check on the fireman, to see if 
he is giving proper attention to his fires. An instru- 
ment of the portable type may be made valuable in find- 
ing out whether a boiler setting is air-tight, the amount 
of the leakage and the approximate position of the 
leaks if there are any. This may be done by taking 
quick CO, readings in different parts of the setting. 
If the setting is tight, there should be no difference in 
the reading between any two points. 

First readings should be taken between the first pass 
and the damper. If no drop or only a slight drop is ob- 
tained, the setting is air tight and no further search 
is necessary. Care should be taken that the reading 
in the first pass is taken far enough along the pass 
to have proper combustion and thorough mixing of the 
gases. 

If a drop is obtained, readings are taken between 
passes until the drop is located between two points. 
It may then be exactly located by means of a torch. 
If the search for leaks can be narrowed down to a 
small part of the setting, a much better job can be 
done in stopping them. Moreover, there is no guess- 
work about when they are stopped up. A few readings 
will tell whether they are stopped or not. 

My experience has been that the losses due to small 
air leaks are not appreciated. Separately they may not 
be large, but the total may be considerable. The 
method I have described, not original by any means, 
hut not used as much as it should be, will tell just how 
serious the air leaks are; and when repairs are made 
and thought to be complete, it will tell whether any 
holes have been overlooked. W. D. TAYLOR. 

Connellsville, Penn. 
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Slow Engine Speed and Condensation 


One morning it was noticed that the blower engine 
driving the boiler forced-draft fan failed to come up 
to speed when the steam dropped a little. An exam- 
ination of the engine failed to disclose anything amiss 
until the cylinder head was removed, when it was dis- 
covered that the piston had no rings, but two small 
pieces were found. This engine was located in the 
boiler room and was under the care of the firemen, but 
on making inquiries nobody knew anything about the 
engine getting a slug of water. 

A few days after new rings had been put in, the 
chief was standing by the engine, which was running 
slowly, when a sudden demand for steam caused it to 
speed up quickly and a sharp clicking in the cylinder, 
indicating water, caused him to open the drain-cocks. 
The fireman said that this frequently happened, and 
then the chief knew that the cause of broken rings was 
water. 

When the engine was running slowly, condensation 
formed in the steam line and a sudden demand for 
steam would carry it into the engine cylinder. 

Boston, Mass. FRANKLAND CHENEY. 


The Selk Safety Stop 


Several vears ago when I took charge of the steam 
plant of the Brooks-Scanlon Lumber Co., Bend, Ore., 
as chief engineer, I found that the 26 x 42-in. Corliss 
engine with an 18-ft. flywheel was not provided with a 
safety stop, so I invented the stop shown in Figs. 1 
and 2. The arrangement worked so well and was so 
sensitive that I applied for a patent, which is now 
pending. 

The working arrangement is such that when the 
throttle is open, the latch lever is pushed toward the 
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FIG. 1. WEIGHTS IN TRIPPED POSITION 


governor, as shown in Fig. 1, where the weights are 
down. When the throttle is closed, the latch rod is 
drawn back toward the throttle valve by a curved spring, 
a collar on the throttle-valve stem moving inward as the 
valve is closed, which allows the spring to draw the 
latch rod back so that the collar on the upper gag-pot 
stem will pass the end of the latch or short trip lever 
without tripping the weights. 

In case anything should happen to the governor when 
the engine is running, the governor balls will drop. This 
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action will trip the latch and the two weights will fall 
from a vertical position, Fig. 2, to a horizontal position, 
Fig. 1, and in so doing push the upper gag-pot stem 
upward to its limit and spread the governor balls out 
as if in full motion, only more so. This action will 
move the two trip cams on the engine steam valves to 
such a degree that the crab claws will not catch there 
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KIG. 2. WEIGHTS SET FOR TRIPPING 





by allowing the steam valves to remain closed, and the 
engine will come to a stop. 

It is then necessary for the operator to push the two 
weights back to a vertical position before steam can be 
admitted to the engine and the arrangement is again 
in operation. This is a reliable safety stop and has 
been in use two years and during that time it has been 
thoroughly tested. It can be electrically operated from 


any distance. G. J. SELK. 
Bend, Ore. 


Owners Should Supply Instruments 


When shall we have the operating engineer strongly 
advised to carry around with him a CO, recorder, a 
draft gage, a pyrometer, a few thermometers, etc.? 
Surely, instruments enumerated are as much to be de- 
sired as an engine indicator, and any of them is much 
cheaper than the latter instrument. 

Candidly, I am of the opinion that if the owner of a 
plant cannot provide an engine indicator where re- 
ciprocating engines are in operation, then no sym- 
pathy should be extended to him if his fuel bill is high. 
I consider that it is not up to the operating engineer 
to buy such an expensive instrument as an indicator. 
Educate the owners, you engine builders, boiler manu- 
facturers and power-plant designers, and impress on 
them the necessity of having the necessary instruments 
in the plant. J. B. TAIT. 

New Westminster, B. C., Canada. 





No responsibility should be placed on a man until he 
has confidence and knowledge to do the work. 
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Testing Safety-Valve Capacity—What test can be made 
for determining whether a safety valve is large enough 
for a boiler? D. M. 

To be of sufficient capacity, a safety valve must be capa- 
ble of relieving the boiler of steam at such a rate that the 
boiler pressure cannot be raised above the safe working 
pressure when the firing is forced as much as possible, and 
there is no steam escaping except through the safety valve. 
Such a capacity test should be made by gradually increasing 
the rate of firing, but should not be made without having 
means available that are known to be reliable for imme- 
diately checking the fire and also for relieving the boiler 
of steam, in case there is any increase of pressure above 
the safe working pressure for the boiler. 
























Employment of Motor or Utilization of Exhaust—When 
50 hp. is required for driving a paper-making machine, 
would it be more economical to drive with an electric motor 
and supply steam for drying the paper, or to drive with an 
engine and use the exhaust for drying and for heating 
water? : ae me. 3 

The question hinges mainly on the cost of electric power. 
Under ordinary conditions, after the live steam required 
by the engine is converted into exhaust, it may be utilized 
for performing 65 per cent. as much heating as if used 
directly in the form of live steam. Hence, with an electric 
motor there would be about two-thirds as much steam used, 
and for superior economy in use of a motor the cost of 
electric power delivered to the paper machine would have to 
be less than one-third the cost of live steam required to 
be delivered to the engine. 

















Loss of Air from Pump Air Chamber—What causes loss 
of air from the air chamber of a pump, and how may it be 
remedied ? We. 

Water under atmospheric conditions contains about 2 per 
cent. air in solution and when in 
contact with air at higher pressure, 
more air is absorbed by the water. 
Consequently, the volume of air in 
an air chamber that is connected 
on the pressure side of a pump be- 
comes reduced. The figure illus- 
trates an air-charging device that 
utilizes the varying pressure in one 
of the pump chambers to compress 
air into the air chamber. A verti- 
cal tube t¢ is attached to the side of 
the pump body and is in communica- 
tion with the inside of one of the pump chambers. The upper 
end carries two check valves, one for suction and one for 
discharge, communicating with the air chamber. The pulsa- 
tions in the pump chamber produce similar pulsations in the 
tube, thus forming an effective air compressor, without dan- 
ger of the air entering the pump chamber. 























Water Delivered by 6-In. Pipe Line—With 25 ft head 
what quantity of water can be delivered through a 6-in. 
cast-iron pipe 1000 ft. long? T..4. & 

The highest rate of flow will be obtained when the whole 
head is absorbed in overcoming friction at the entrance 
and pipe friction and in producing the velocity with delivery 
from the discharge end at atmospheric pressure. With 25 
ft. head available a clean 6-in. cast-iron pipe line 1000 ft. 
long, with delivery at atmospheric pressure, would dis- 
charge about 500 gal. per min. For delivery of 400 gal. 
per min. the loss of head would be about 15 ft., leaving a 
discharge head of 10 ft.; for 300 gal. a loss of head of 
about 8.5 and discharge head of 16.5 ft.; for 200 gal. a 
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loss of head of about 4 ft. with a discharge head of 21 
ft.; and for 100 gal. per min. a loss of head of about 1 ft. 
with a discharge head of 24 ft. 

Current per Terminal in a Three-Phase Circuit—Each of 
the lamps in Fig. 1 takes 5 amperes, which is in phase 
with the voltage applied to it. What is the value of the 




















A 
| ! 
« e (e mN 
a See 
B oo 
Atlterniaror amie: eeainin 
i i { 








FIG. 1. DIAGRAM OF ALTERNATOR AND LOADS 


current flowing in each line wire? The generator is con- 
nected in star and gives a correct three-phase voltage. 


E. C. B. 
Since each lamp takes 5 amperes, load A’ will take 3 x 5 
= 15 amperes, load B’, 4 x 5 = 20 amperes and load C’, 


5 x 5 = 25 amperes. The different currents are in step 
with the voltage across their respective circuits, therefore 
they are 120 deg. apart and may be shown vectorially as 
in Fig. 2. The current in line A is the vectorial sum of 
loads A’ and C’, that in line B the vectorial sum of loads 
A’ and B’ and that in line C the vectorial sum of loads B’ 
and C’, flowing toward or away from the respective con- 
ductors. Then by combining the loads in Fig. 2 vectorially, 
as shown in Fig. 3, the resultants A, B and C will represent 





RIG. 2. VECTOR 
DIAGRAM OF 
LOADS, FIG. 1 


FIG. 3. 


VECTOR DIAGRAM OF 
RENT IN WIRES A, B AND C, 
FIG. 1 


CUR- 


to scale, respectively, the value of the current in A, B and 











C, Fig. 1. In Fig. 3 
A = \/ (A’)? + (C’)? + 24°C’ cos 60 deg. 
B= \/ (A’)? + (B’)? + 24’B’ cos 60 deg. 
ana C = 4 (B’)? + (C’)® + 2B" ’C’ cos 60 deg. 


As cos 60 deg. = 0.5, then, 

A= \/ 15° + 257 + 2 x 15 x 25 x 0.5 = 35 
5 4+ 207+ 2 x 15 x 0 x 05 = 
C = \/ 20° + 257+ 2 x 20 x 25 x 0.5= 39 amperes 


That is, the current in A conductor, Fig. 1, is 35 amperes, 
in B conductor 30.4 amperes and in C conductor 39 amperes. 


anuperes 








30.4 amperes 
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Factors in Obtaining Maximum Output from 
Hydro-Electric Plants” 


By FRED A. ALLNER 


General Superintendent, Pennsylvania Water and Power Company, Baltimore, Md. 


located on a river, the latter having a protracted low- 

flow period interrupted occasionally by freshets. By 
means of high-tension transmission lines the plant is tied in 
with. several steam stations of akout equal total capacity. 
During the high-flow season the water-power plant operates 
at high load factor, running wide open for about sixteen 
hours. The steam plants carry the peaks of the load. 
During the low-flow season the steam plants operate at 
nearly 100 per cent. load factor, while the water-power 
plant carries the peaks. 

High-Flow Season— When the river flow exceeds the 
power-house draft, maximum output of the hydraulic plant 
is obtained by (1) Operating main units in wide-open con- 
dition for the maximum possible number of hours; (2) 
‘ adusting gate-operating mechanism in such manner that 
wide-open condition of operating piston actually produces 
maximum clear opening of guide vanes; (3) using high- 
flow flashboards; (4) carrying a minimum of wattless cur- 
rent at the water-power plant; (5) operating a minimum 
of alternating-current-driven excitation and station auxil- 
iary apparatus during the wide-open hours; (6) improv- 
ing ventilation by blowers and proper directing of air to 
hot parts of generators, if hydraulic output exceeds the 
electrical rating of some units; (7) careful inspection and 
preventive maintenance of all apparatus that when out of 
service may reduce station output; (8) organizing neces- 
sary low-flow overhauling work so that it can be com- 
pleted in a minimum of time. 

Low-Flow Season— When the river flow is less than 
power-house draft the maximum hydro-electric energy for 
a given river flow is obtained by (1) Distributing total 
station load on smallest number of turbines consistent with 
load conditions, so as to cause a minimum of water draft 
through the power house for a given load at any time; 
(2) holding forebay at highest possible elevation; (3) effi- 
cient use of low-flow flashboards; (4) transferring wattless 
current to steam units and synchronous receiving appa- 
ratus, if same can be carried there at a lower over-all loss; 
(5) distributing excitation load between waterwheel- and 
motor-driven units for minimum water consumption; (6) 
reducing station power requirements for auxiliaries to a 
minimum consistent with safety. 

A number of the high- and low-flow features enumerated 
had been practiced for several years at the plant under 
discussion, but found a more thorough application during 
the war period through more stringent follow-up methods. 

Some other features were introduced under wartime pres- 
sure that promise useful application in the regular oper- 
ation of the plant. 


Ti following refers to a 100,000 hp. low-head plant, 


KNOWLEDGE OF INDIVIDUAL CUSTOMERS’ LOADS ESSENTIAL 


Knowledge of the loads of the individual customers, 
and of the operating characteristics of those steam plants 
which run in parallel, is essential. Governor adjustments 
require to be worked out for parallel operating conditions 
of the various plants, so as to reduce as far as possible 
the number of occasions when load fluctuations are taken 
up by the hydraulic plant instead of by the steam plants, 
during hours when total system load exceeds hydraulic 
capacity. A daily record showing the amount and specific 
causes of “Energy Wasted” due to hydraulic plant not 
being loaded up full, while steam plants carry an undue 
portion of the load, offers a useful follow-up method for 
the operating force. These losses may aggregate 50,000 
kw-hr. per day (for about 2,000,000 kw-hr. total system 
load) and even exceed this figure if parallel operation be- 
tween the plants is not closely watched. 


*From the 1919 Report, Prime Movers Committee, National 
Electric Light Association. 


Owing to the cumulative effort of lost motion in gate- 
operating mechanism, it frequently occurs that wide-open 
condition of operating piston does not actually produce 
maximum clear opening of guide vanes. Periodical checks 
should be made on the output of individual units, and if 
reductions in output are found, they should be traced to 
definite causes. 

On a certain 10,000-kw. unit, just before the time for 
overhauling had arrived, this less of output was about 250 
kw., and even on units in fair condition it may easily 
reach 100 kw. A standard steam indicator mounted on 
the operating engine is useful for such investigations, as 
it permits the reading of lost motion in the mechanism 
and of operating pressure required for moving gates in 
different positions, etc. If guide vanes and other parts 
of operating mechanism were originally adjusted correctly. 
excessive lost motion may be compensated for by increas- 
ing the piston stroke without taking the unit out of service 
If no provision is made for this in the design, it may be 
possible in many cases to obtain the increased stroke by 
substituting a shorter piston head, which can be inserted 
during off-peak hours. 

Increase of output through the use of high-flow flash- 
boards may be quite appreciable. Although using a board 
of only about half the height of the low-flow flashboards, 
this gain in output may, under certain conditions, equal 
or exceed the gain from the low-flow boards. 


REACTIVE CURRENT AN UNDESIRABLE ELEMENT 


For a given system load the reactive or wattless cur- 
rent is an undesirable element of the power load that must 
be furnished by the generating stations, together with the 
power current. In a combined steam and hydraulic system 
where the hydraulic plant is usually some distance away 
from the point of consumption of energy, it will generally 
be found more economical to let the steam units and some 
of the syrfhronous receiving apparatus carry as much of 
the reactive current as possible. The transmission of 
undue wattless current through the high-tension lines. 
step-up and step-down transformers, will increase consid- 
erably the metered reactive watts, as carried at the hy- 
draulic station. Transmission losses will increase, and in 
addition, in order to maintain normal voltage at the point 
of delivery, a high bus voltage will be necessary at the 
hydraulic plant, such higher bus voltage carrying with it 
greater excitation and core losses in the generators. 

Installation of reactive wattmeters on the totalizing 
meter-bus of hydraulic and steam stations and at the 
points of power delivery at the receiving station is neces- 
sary for the study of such load conditions and for the 
“displacing of reactive load” in regular operation. 

Hydraulic stations that do not have a rigid system of 
excitation such as individual motor-generator sets or ex- 
citers directly connected to the turbine shaft offer a cer- 
tain flexibility in the distribution of excitation and station 
auxiliary load that may be used to advantage for obtain- 
ing maximum output. A plant with partly waterwheel- 
driven and partly: alternating-current-motor-driven ex- 
citers, and an emergency storage battery operating in 
parallel, should, during ample flow periods, obtain as much 
of the excitation and auxiliary power as possible from 
the waterwheel-driven exciters during the hours when the 
main units are operating with gates wide open. Intermit- 
tent station auxiliaries should be operated mostly during 
the off-peak hours, between midnight and morning peak. 

The use of high-flow flashboards or other special ex- 
pedients for securing higher operating head may have the 
effect of increasing the hydraulic output of turbines beyond 
the electrical rating of the generators. The generator 
ratings may then be raised by making provisions for bet- 
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ter cooling them. In such cases reliable hot-spot temper- 
ature indicators are almost indispensable. If different 
types of generator units are used in the plant, some in- 
creased output therefrom may be obtained by running 
the lower-rated generators at high power factor and throw- 
ing the bulk of the low-power-factor generation upon the 
units having higher ratings. In some cases even this 
remedy is insufficient, and it may pay to provide individual 
blowers to direct air to the hot parts of the generators or 
arrange the whole plant for a central ventilating system 
with large blower units. 

Careful inspection of all apparatus at regular intervals 
is one of the chief requirements of preventive maintenance, 
as contrasted with mere repairing of breakdowns. This 
is a large field for the practical maintenance engineer in 
every hydro-electric plant, although it may show its value 
only in the course of several years. 

During the hours between midnight and morning peak 
and over the Sunday recess it should be possible in many 
plants to carry out all the inspection work of the interior 
of turbines if arrangements are worked out for proper 
organization of crew and time-saving inspection facilities. 

Certain overhauling work that is necessary, due to wear 
of vital parts, should be completed within a minimum time, 
so as to keep the unit out of service as short a time as 
possible. Foreknowledge of the nature of the work, pro- 
viding in advance the spare parts for renewal and schedul- 
ing of the work in advance have made it possible to re- 
duce the time that was originally used for such work to 
nearly half in this station. On several occasions a quickly 
approaching rain freshet in the midst of the low-flow sea- 
son has been taken advantage of by putting quickly into 
service a unit that was undergoing maintenance overhaul- 
ing. A week’s delay in each case would have entailed the 
loss of opportunities to utilize the flow from the freshet 
In one case, for example, it meant an increase of 180,000 
kw-hr. per day in delivered energy. 

At the same plant a bonus system for the hydraulic- 
maintenance force has been in use for two years, whereby 
the crew receives extra pay for each day that it is able 
to shorten the actual time that a double runner unit is out 
of service for major overhauling, as compared with the 
scheduled time. 

Under low-flow conditions the principal aim of the hy- 
draulic plant is to produce a maximum of kilowatt hours 
from a given river flow. 


Best LOAD DISTRIBUTION 


The joint operation of the hydraulic and steam plants 
under discussion required that “best load distribution” 
should always be understood to mean not only best water 
economy, but also best combined water and fuel economy. 
The steam plants, during the low-flow period, are operated 
as nearly as possible to 100 per cent. load factor, using at 
first their most efficient units and then placing the additional 
and less economical equipment into service as the river 
flow drops lower. The problem of best combined economy 
is, however, largely a problem of hydraulic economy. 

Occasionally, it is necessary to deviate from this rule, 
because of temporary shortage of fuel or tie-up of coal 
transportation or handling facilities at one or at both of 
the principal steam plants. 

Of the eight main units of this hydraulic plant the first 
five have double runners of identical type, two more recent 
ones have runners of somewhat different characteristics, 
and the last unit is of a single-runner high-efficiency type. 
A table has been computed from the various turbine out- 
put-discharge curves to assist the operators in distributing 
the load among the units so as to secure best efficiency. 

Holding the forebay at the highest possible elevation is 
of considerable moment in the operation of a low-head plant. 
This is quite apparent if it is realized that a faulty estimate 
of flow or load, or both, on, say, a fifty-foot head plant, 
with an average connected load of over 2,000,000 kw.hr. 
per day, but with a storage capacity of only 100,000 kw.-hr. 
per ft. draw-down of forebay pond, would entail a loss of 
1 per cent. of the following day’s hydraulic output, if the 
forebay level when entering upon the morning peak is 0.5 
ft. lower than the proper level. This difference in forebay 
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level, however, represents only 24 per cent. of the system 
load. It is quite apparent, therefore, that an accurate 
manipulation of forebay is possible only by a thorough 
understanding of system local conditions, foreknowledge of 
flow and closer codperation with the steam plants. 

Flashboards, as a rule, are treated with less engineering 
care than other station apparatus that is looked upon for 
yielding the same amount of energy in the daily operation. 
Leakage between the concrete sill of dam and boards, losses 
in the vertical and horizontal joints between boards, effect 
of wave action on the loosening of tightening devices, etc., 
can reduce the effective gain from flashboards to a con- 
siderable extent. On the other hand, proper equipment and 
organization of crew for tightening the boards, erecting 
them quickly after a freshet, or removing them intact at 
the approach of a higher river stage can increase the sta- 
tion output appreciably. The net gain from flashboards 
in the plant described varied, of course, with the flow, 
but for an average low-flow stage of 10,000 cu.ft. per sec. 
and a head of 55 ft., it could be made to exceed 60,000 kw.- 
hr. per day. Most economical distribution of a given excita- 
tion and plant auxiliary load between waterwheel-driven and 
alternating-current-driven exciters is obtained by the use of 
output-discharge curves. 

Although station auxiliaries, exclusive of excitation, con- 
sume only about 1 per cent. of the high-flow station output, 
it is possible to accomplish a measurable economy by study- 
ing the load requirements of the individual apparatus. Dur- 
ing extreme low-flow stages the above percentage may 
double or treble, since certain station auxiliaries are neces- 
sary, regardless of amount of station energy output. 

In some cases the original layout of a hydraulic plant 
does not provide for individual watt-hour meters or other 
instruments to measure the power of the auxiliaries. 


Lubrication Problems* 


Among the lubricating problems awaiting solution are 
those relating to the behavior of lubricants at high pres- 
sures and temperatures. It has been the common experience 
of operators that organic oils—for example, lard oil and 
sperm oil—are much more effective than mineral oils of 
similar viscosity. The reasons for this are as yet more 
or less obscure. 

It has long been known that high pressure produces 
measurable changes in the viscosity of certain fluids. It 
has been found by experiment that lard oil and mineral 
oil of about the same viscosity at atmospheric pressures 
showed great increase in viscosity under pressures of 200 
to 500 atmospheres. Likewise it is well known that all 
lubricants decrease in viscosity with an increase in tem- 
perature. Viscosity measurements are rarely made at tem- 
peratures above 100 deg. C., which is much lower than that 
reached in severe service. 

What experiments have thus far been conducted to show 
the adhesive qualities of lubricants under these conditions 
show no slipping at the boundary surface between lubri- 
cant and the solid surfaces at moderate rates of shear in 
the lubricants. Albert Kingsley has experimented with a 
device consisting of a slightly tapered plug rotating in a 
ring elosely fitted by grinding. The thickness of the oil 
film was determined by micrometric end adjustment of the 
plug. With films as thin as 0.000025 in. and rates of shear 
up to 261,000 radii per second, at atmospheric pressure and 
temperature, there were no indications of slip. If slipping 
should take place, then the question would come up whether 
the results depend upon the nature of the bearing metals. 

Lubricants that exhibit oiliness to a marked degree may 
contain in solution solids which tend to concentrate at the 
boundary surfaces. This increases the viscosity at the sur- 
face and therefore increases the lubricating value at high 
pressure. There is no direct evidence on this point except 
in the case of soap dissolved in the water used in hydraulic 
cylinders. The soap concentrates upon the metal surfaces, 
forming a good lubricating film. 





*Report of sub-committee on lubrication for representation at 
the Spring Meeting, Detroit, Mich., of the American Society of 
Mechanical Engineers, 29 West 39th St., New York. 





The Power-Plant Cost Sheet* 


By ARTHUR E. HUNTINGTON 


Cost of power enters into the cost of manufacturing in 
largely varying percentages, ranging from only a small 
percentage on some products up to approximately 334 per 
cent. of an electric light and power business. In the aver- 
age manufacturing plant the ratio of cost of power to the 
total cost is from 7 to 12 per cent. Be that percentage 
great or small, it is the duty of each engineer to know not 
only the cost of his power, but to know its relation to the 
total cost of manufacturing. Many a good engineer has 
worked for years feeling that his services were not appre- 
ciated and that he was not getting the money that was due 
him—and he does not. Such a fellow has been operating 
a power house only and has failed to make himself a part 
of the balance sheet of the concern. It is important that 
the engineer finds out just what his part of the work is 
and just how it fits into the whole scheme. It is then up 
to him to stake out his claim on the balance sheet, defend 
his rights by making the manager feel that he is individ- 
ually responsible for from 10 to 20 per cent. of the business 
and that he can be trusted with it. 


CUSTOMER SHOULD HAVE DATA SHEET 


Any man going after a power customer ought to have first 
of all a data sheet showing the nature of the load, and in- 
cluding the following items: Maximum load, load factor, 
power factor on alternating-current circuits, annual load, 
data as to how the load fits in with other loads, reserve 
capacity required and whether the reserve capacity already 
in use can be utilized, with a large space left for remarks, 
as conditions are continually changing. 

It is seldom that a large amount of power can be added 
to any plant without some additional investment. A data 
sheet should show just what each of these investment items 
should be. They may be divided under (1) Power plant, 
(2) distributing system, (3) going value, (4) other values. 

Under the first item the plant capacity required to handle 
the load should be noted. In large plants quite frequently 
some transforming devices must be taken into account. 

Under the distributing system the investment should in- 
clude not only the new construction necessary to handle 
the business, but also a just allowance for joint use made 

of equipment already in existence. A capital charge against 
each power customer should be made, even though capacity 
already available is being used. On each extension the 
proper procedure is to figure clear back to the cash drawer. 

Going value is an item to be considered. Unquestionably, 
a plant with an established business is worth more than 
the same plant with no business. All courts and commis- 
sions grant such a value, but few of them agree just how 

much it is or how it should be figured. One commission ruled 
that the going value was an amount of money equal to 
interest and depreciation on that part of the plant that is 
not in use during the development period. In other words, 
if a plant costs $100,000 and it takes two years to develop 
the load, if development were uniform the going value 
would be the carrying charges on a $100,000 investment for 
one year, or about $15,000. This would be a fair way to 
figure it were it not for the fact that a plant having an 
energetic manager would get less going value than a plant 
with a poor manager. Evidently, if a high going value 
were desired, it could be obtained by being slow in develop- 
ing the property. 

Others prefer to define going value as the amount of 
money necessary to develop the business on a certain prop- 
erty and get it onto the line. For present purposes it will 
be sufficient to say that going value represents the difference 
between the value of the property as a going concern with 
the business attached to it, as against the same property 
without the business. In figuring the investment, account 
should be taken of the cash required to do business, which 
includes money tied up in supplies as well as many other 
items. In a power company this amount usually represents 
90 to 100 days’ income, and quite frequently intangible 





*Abstract of paper read before the Iowa State Association 
N. A. S. E., Marshalltown, June 13, 1919. 
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assets represent 30 per cent. of the total capital charge. 
In a manufacturing concern it represents the period that 
elapses between the time the power bill is paid and the time 
when the product is sold and the money is in the cash 
drawer. As an interested party in the balance sheet, the 
engineer has a right to know for just how long the money 
which his department costs is tied up. 


DETERMINING THE CHARGES THAT SHOULD BE MADE 


With the value of all the property established, the next 
step is to determine the various charges that should be 
made. Some of these are nearly constant, while others are 
variable. Under fixed charges, take interest as the first item. 
Frequently, good business men refuse to consider this item 
and try to dismiss the subject by saying that the plant is 
theirs and all paid for and that there is no interest, al- 
though the money is in the business and was put there to 
bring a return. The interest charge should be based on all 
that it costs to get money into the cash drawer to do busi- 
ness with. The tendency is to figure such items too low. 

Insurance, taxes, repairs and upkeep usually have some 
place on the company’s books and are easy to get. 

As to depreciation, it makes little difference whether the 
straight-line, sinking-fund or compound-interest method is 
used. The main thing is to be sure and set aside enough. 
No engineer should permit his company to set aside less 
money than will maintain the plant at all times at about 
85 per cent. of standard, or in other words, in a condition 
that would make it equal to 85 per cent. of a new plant. 
Without figuring it out exactly, it is fair to assume 
that the average plant that sets aside 5 per cent. 
for depreciation could be maintained at an 85 per cent. 
standard; 4% per cent. represents about 80 per cent. stand- 
ard, and 4 per cent. a 70 per cent. standard. This item 
is sometimes figured at 3 per cent. because some engine 
that the engineer knows of has been running for a long 
period of years, without considering that the engine might 
be obsolete and require an excessive amount of steam. The 
best method is to figure depreciation on each item sepa- 
rately—engines, boilers, pumps, condensers, belts, shafting, 
generators, etc. This is much better than taking some fixed 
percentage and then spreading it over the entire plant. 
In an electric-light plant these items of interest, taxes, 
depreciation and upkeep, that come under fixed charges, 
usually figure about 15 per cent. of the gross value of 
the tangible assets. For the intangible value 8 per cent. 
is about the right figure to allow. 


Cost oF OPERATION Must BE INSLUDED 


To the preceding must be added the cost of operation, 
including labor, coal, water, supplies and incidentals. With 
this part of the cost sheet the engineer is usually familiar. 
The main thing is to know what it cost to deliver a kilo- 
watt-hour at the point of use and not on the indicator or 
switchboard readings. In a test made recently on a certain 
plant the losses were shown to be more than 66 per cent. 
of the total power generated. The power company must 
charge to the cost of production, sales and legal expense, 
administration, insurance, collection, etc. If all these items 
in their true value are figured, the engineer will have some- 
where near the true cost of power and can show to the 
management what proportion of the business he repre- 
sents. If he is a man who takes into the cost of power 
just such items as coal, labor and repairs, he is not an 
engineer at all, but a throttle twister. If he knows the 
costs and makes himself an integral part of the balance 
sheet, he is a real engineer. 

Some men in charge of power plants are fine mechanics, 
but never get beyond the stage of throttle twisters. Their 
power houses are always ready, their engines run smoothly 
and show a fine card whenever the indicator is applied. 
They really make power at a low cost, yet the management 
does not value such men highly, because they are not con- 
sidered a part of the company. They are viewed more as 
high-class laborers who do not produce anything that is 
figured into the cost of production more than in a general 
way. On the books there is a place where power costs are 
kept, but the engineer never sees it. That part of the book 
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is presided over by a $10-a-week bookkeeper. How many 
engineers are willing to have their standing with the com- 
pany valued by a clerk in this way? 

An engineer should be a man of clean personal habits, 
who has an ambition to be somebody both in his community 
and with the company. He should be a mechanic and under- 
stand how to handle men; he must be able to figure his 
costs intelligently and to apply that knowledge diligently 
and continually. He should know and impress upon the 
management the part that the engine room really plays on 
the balance sheet and should have at least a working knowl- 
edge of business methods. He may not be proficient in all 
these items, but with a little effort he can become familiar 


with them, and when he is he can call himself a real en- 
gineer. 


Progress in Water Power* 


Increasing attention is being given to details of design 
affecting ease of operation of the turbine, and ease of con- 
ducting maintenance work on it. Accessibility of parts, 
better provision for thorough lubrication, removal of gate- 
rigging mechanism from exposure to the corrosion ele- 
ments of the water, provision for adjusting pinch-fits of 
gates, and taking up backlash in the operating mechanism 
are all in themselves minor factors of improvement, but 
of importance in the aggregate. Troubles formerly en- 
countered from the use of oil in closed governor system 
have been done away with by the use of the open reservoir 
system. Where water is used as an operating fluid in the 
governor system, the corrosion resulting therefrom and 
the attendant difficulties are being met in various ways at 
different plants, as, for example, by the neutralization of 
the governor fluid with barium-hydrate treatment com- 
bined with the use of so-called soluble oil, or of potassium 
bichromate. Cooling of lubricating oil from thrust bearings 
seems to be giving some difficulty in the hot-weather 
climate. It is reported that better results are obtained 
by using open-air cooling coils, on which the water is 
sprayed and the cooling effect obtained by evaporation, 
as compared with the tank coil cooler. 

The rapid rusting of intake-screen equipment in corro- 
sive river water is continuing to give trouble in certain 
plants, and no special paint seems to have been found to 
afford protection for more than a few years. A very heavy 
red-lead covering seems to be about as satisfactory a coat- 
ing as any, and the expedient adopted in one plant is to 
withdraw and paint a certain number of rack sections each 
year, the cost of painting being kept down by the use of 
spray apparatus. The screens are previously cleaned up 
by sandblast. 

Interest is being increasingly aroused in the develop- 
ment of smaller water-power plants consisting of low- 
capacity remote-control stations connected together to as- 
sist in using one or more plants of fairly large size in 
the master stations. 

There is a growing realization of the importance of not 
only designing a hydro-electric plant for high efficiency, but 
of providing in its design for the necessary equipment to 
enable its operating efficiency to be checked and maintained. 
The building in of piezometer equipment in each turbine 
intake is recommended, in the case of new layouts, whereby 
after a calibration of one intake by appropriate water- 
measuring arrangement, a continuous periodical checking 
up of each individual unit may be easily obtained, and 
thus the degree of accuracy of the hydraulic operation of 
the station ascertained. 

The Johnson type of valve is finding increasing use in 
water-power developments, being now made in sizes as 
large as 144 in. diameter and valves of 36 in. diameter are 
being used under heads of 1000 ft. A detailed description 
of this valve is found in the 1913 report of this committee. 

The committee is in receipt of statements from the fol- 
lowing manufacturers, covering developments during the 
year: 

The Allis-Chalmers Manufacturing Co. reports the fol- 
lowing installations which are given in chronological order: 





*From the report of the Prime Movers Committee of the Na- 
tional Electric Light Association, 1919. 
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Tallahassee Power Co., Nadin, N. C. Three units, each of 
31,000 hp., 180 ft. head. In operation over one year at 
the present writing. Tallahassee Power Co., Cheoah de- 
velopment, four units, 27,000 hp., 188 ft. head, completely 
erected. Hydraulic Power Co., Niagara Falls, now Niagara 
Falls Power Co., three units, 37,500 hp., 214 ft. head. Erec- 
tion of machinery just started. Hydro-Electric Power 
Commission of Ontario, Chippewa development, two units, 
52,500 hp., 320 ft. head. Contract awarded. 

Probably the most novel improvement in connection 
with draft tubes is found in the hydraucone, which has 
been applied successfully to quite a variety of installations 
where operating data are available. This device has been 
installed in connection with the following plants, on which 
operating data have become available during the past year. 
Berlin Mills Co., Shelburn plant, two units, 1200 hp., 17 
ft. head. Detroit Edison Co., Geddes plant, 575 hp. Man- 
chester Traction, Light and Power Co., two units, 2175 hp., 
63 ft. head. Sheboygan Electric Light and Power Co., 
two horizontal units, 750 hp., 19 ft. head. Hydraulic Power 
Co., one unit, 37,500 hp., 214 ft. head. 

William Cramp & Sons Ship and Engine Building Co. 
report: In 1918 there was considerably more activity than 
in the previous year, the aggregate horsepower contracted 
for by our company being nearly three times greater than 
in 1917. One-fourth of the units contracted for during 
1918 are for extensions to existing plants. 

There was a marked tendency toward the installation of 
high-powered units, the average size per unit being 17,600 
hp. The 37,500-hp. turbine now under construction for the 
Niagara Falls Power Co., when completed, will be the most 
powerful turbine in the world. For the turbines contracted 
for by our company during 1918 the designed head ranges 
from 130 to 475 feet. 

Pelton waterwheels in units as large as 15,000 hp. on 
a single Pelton or impulse turbine runner and for a head 
of 2000 ft. have been constructed. 

The Wellman-Seaver-Morgan Co. has given considerable 
study to low-capacity remote-control plants. One centrally 
located plant of fairly large size can be used as the master 
station, and several other low-head plants within a radius 
of 15 or 20 miles may be operated from this plant without 
attendants whatever, except a man to drop around occa- 
sionally. This is merely a necessary condition to make a 
plant of 100 to 500 hp. a paying proposition. 

The largest proposition being developed at present is 
the Niagara development on the Canadian side, for the 
Hydro-Electric Commission of Ontario. We have been 
awarded the contract for the first two units. Each turbine 
will develop 52,500 hp. at point of maximum efficiency, 
and about 60,000 hp. at full gate open. 


House Passes Water-Power Bill 


The House of Representatives has now passed the water- 
power bill. The bill is substantially the same as the meas- 
ure which was passed by the House of Representatives at 
the last session of Congress. No important amendments 
were made. The measure is now before the Commerce 
Committee of the Senate, and will be taken up by a sub- 
committee of that body shortly after Aug. 1, when Senator 
Jones of Washington, who is the chairman of the committee, 
is expected to return from a visit he is now making to 
Seattle. The other members of the subcommittees who will 
have jurisdiction over the bill for the time being are Sen- 
ators Nelson, Lenroot, Bankhead and Fletcher. Friends 
of water-power legislation in Washington hope for the early 
passage of the bill by the Senate, but in legislative circles 
at the Capitol it is well understood that the question of 
foreign affairs relating to the Peace Treaty and League of 


Nations will have an important effect upon the early passage 
of any legislation. 





England is preparing to provide herself with cheap and 
abundant electricity for heating, lighting and manufactur- 
ing purposes at an initial cost of approximately $100,000,- 
000. The plan, which is now before Parliament, provides 
for placing the country on an electrical basis. Water- 
power is to be extensively used. 
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Methods of Increasing Boiler-Room Efficiency’ 


By D. 8S. JACOBUS 


Advisory Engineer, Babcock and Wilcox Company 


general problem of fuel saving that is met in the 

boiler room. More is often to be lost or gained in 
the operation of the boiler room than in any other part of 
a power plant. To secure efficiency and capacity we all 
know that the following features must be watched after: 
The surfaces of the boiler must be clean inside and out 
and the gas passages and flues must be free and unre- 
stricted from the deposit of soot or ashes; the baffles 
and settings must be reasonably free from leakage; the fuel 
must be properly fired. 

To secure the best efficiency, the fuel or any combustible 
elements distilled from the fuel must be completely burned 
within the furnace chamber. Again, the combustion must 
be such that the gases that pass from the furnace are 
uniform in composition; that is, some of the gases must 
not contain a considerable amount of excess air and others 
possibly a deficiency of air, thus leading to what is termed 
a laneing action. If the gases are burned entirely within 
the furnace chamber, the entire surface of the boiler is 
effective in absorbing heat. If there is secondary combus- 
tion between the boiler tubes, which may occur to a con- 
siderable extent if there is a laneing action in the gases 
and may possibly extend entirely through the setting, al! 
of the boiler surface is not effective after combustion is 
complete, with the result that there is an increase in the 
temperature of the flue gases over what it would be should 
the gases be burned within the furnace, and a correspond- 
ing loss of efficiency. Again, in some instances there is a 
loss through combustible elements, such as carbon mon- 
oxide, passing off in the flue gases. Another loss that is 
experienced in coal burning is through the unconsumed fuel 
in the ashes, often due to poor operation. 


M: REMARKS will be limited to that part of the 


FIREMAN SHOULD BE PROVIDED WITH PROPER INSTRUMENTS 


It is a mistake not to provide proper instruments to 
guide the firemen. A general impression prevails that test 
results are one thing and operating results another, and 
that the operating results necessarily fall considerably be- 
low the test results. Operating results do as a rule fall 
considerably below the test results, but there is no reason 
why this should be so in the great majority of cases. 

It is often assumed that the average flue-gas analysis 
combined with the percentage of carbon in the ash is a 
measure of the efficiency of a furnace, and that if these 
features are known the boiler man should be able to guar- 
antee the boiler efficiency. Such is not the case, as a great 
deal depends on whether all of the combustion is or is not 
completed within the furnace chamber. If there is delayed 
combustion between the tubes of the boiler, it will have an 
influence on the flue-gas temperature and efficiency, and 
it can readily be appreciated that if two plants are oper- 
ating with the same average flue-gas analysis and percent- 
age of carbon in the ash, and in one of the plants there is 
secondary combustion between the tubes and in the other 
there is not, the plant where all of the combustion is com- 
pleted in the furnace will have the highest efficiency. 

Often great stress is laid on carrying a high percentage 
of CO. irrespective of the other operating conditions, and 
in certain instances the firemen are paid bonuses based on 
the percentage of CO,. If all the other conditions of oper- 
ation are watched after, this system will give good results; 
but if the carrying of a high percentage of CO. is made the 

sole aim of the firemen, there may be wastes in other di- 
rections that will counterbalance any gain through minim- 
izing the amount of excess air. 

Where a high percentage of CO, is carried, it is often 
found that CO will be present. In some installations it is 
impossible to carry more than a certain percentage, say 
13 per cent., of CO. before having a material amount of 





*From a paper before the American Boiler Manufacturers’ 


\ssociation, Buffalo, N. Y 





CO. An analysis with coal firing which indicates 13 per 
cent. of CO. and no CO is more favorable from a heat-loss 
standpoint than one that gives 15 per cent. of CO. and 
4 per cent. of CO. As the carrying of a high percentage 
of CO, is apt to lead to secondary combustion between the 
boiler tubes, thereby involving an additional loss through 
increasing the temperature of the flue gases, it can readily 
be seen that it is often a mistake to aim for too high a per- 
centage of CO.. How high a percentage should be aimed 
for depends upon the form of furnace and the furnace 
volume. Ordinarily, with coal it does not pay to exceed 
about 133 per cent. 

The Hempel type apparatus, where the gases are shaken 
up with the solutions, is, as a rule, more reliable in indi- 
cating the amount of CO than the Orsat, and in accurate 
work it is well to check the Orsat apparatus against the 
Hempel. 

CLEAN FEED WATER Is ESSENTIAL 


The use of impure feed water is entirely too prevelot 
This naturally leads to a loss in efficiency through incrust- 
ing the inner part of the heating surface and through mak- 
ing it necessary to blow down the boilers an undue amount. 
There is an added loss through having to cut out the boilers 
a large part of the time for cleaning and for replacing 
leaky tubes. Greater attention is now being given to se- 
curing clean feed water, especially in the larger plants. 
In many instances it pays to install evaporating apparatus 
for supplying the makeup water. Naturally, this can be 
done only where surface condensers are used, but where it 
can be done good results are bound to follow. 

A considerable loss in plant efficiency in coal firing often 
comes through the carrying of banked fires. There is a 
corresponding loss in burning other fuels, and the opera- 
tion of a given plant may cause this element to greatly 
affect the results secured. As an instance, in one par- 
ticular case where I was active in securing the best re- 
sults, the economy of an oil-burning plant was raised over 
25 per cent. simply through operation and by going over 
the plant to eliminate heat losses through drips, etc. In 
oil-burning plants a mistake is often made in keeping the 
steam pressure as steady as possible by changing the fir- 
ing conditions one way and the other to such an extent 
that it is impossible to maintain the best furnace efficiency. 
The best results are secured by feeding the oil to the burn- 
ers at a reasonably uniform rate, varying the oil pressure 
one way and the other slowly to meet the demands of the 
power, even though this may result in a less steady steam 
line than would be secured through jumping the oil pres- 
sure one way and the other to maintain a practically con- 
stant steam pressure. A recording pressure gage placed 
on the oil line where the steam pressure is maintained at 
a constant figure will often give illuminating results in 
indicating a broad band with the oil pressure varying 200 
or 300 per cent. one way and the other, whereas for best 
operation the oil pressure will be represented by a reason- 
ably steady line which will follow in a general way the 

power requirements. A good guide for efficient operation 
in running with oil fuel is the amount of superheat ob- 
tained, which should be about uniform in all the boilers. 
If the superheat in a boiler becomes high, it is due either 
to running the boiler harder than the others or to excess 
air, either of which conditions should be corrected to obtain 
the best results. 

Another good guide in oil burning is to observe the ap- 
pearance of the gases as they pass through the setting. 
If the gases are clear, it indicates excess air, and if too 
smoky, an insufficient air supply. For the best results there 
should be a slight haze throughout the gases. The appear- 
ance of the gases leaving the stack is also a good guide, 
as too clear a stack indicates excess air, whereas a smok- 
ing stack shows insufficient air in one or more of the boilers, 
the best conditions being indicated by a slight haze. 

It is feasible to set a figure for efficiency higher than 
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that which would ordinarily be secured and to pay the 
operating crew a certain bonus based on the increase in 
efficiency above this figure. In this connection, Edward N. 
Trump has said the following: 

If you give a bonus to the firemen, you will be sure to 
have some improvement in efficiency. I have found at least 
10 per cent. saving by paying bonuses to the firemen, some- 
times by working one shift against the other. Competition 
encourages them to work harder, to increase the saving. 

Mr. Trump has secured record efficiencies in the plants 
of his company. With boilers of about 300 hp., fitted with 
economizers, run at from 100 to 120 per cent. of rating, 
he has secured plant sufficiencies, measured by the monthly 
operation, of 85 per cent. In his boiler plants with very 
large units he has obtained a corresponding efficiency of 
88 per cent. The load on the boilers in Mr. Trump’s plants 
is nearly uniform and does not vary to the extent that it 
does in the average electrical-power generating station. 

For a long time there were many instances where the 
use of the older type of waste-heat boilers would not lead 
to a good return on the investment. Since developing our 
modern type where the boilers have a considerably higher 
draft resistance than in the older type and where this 
draft resistance is overcome through the use of an induced- 
draft fan, we have installed over 100,000 hp. of such boilers 
in connection with openhearth furnaces alone, and the steam 
generated by these boilers represents a saving in the neigh- 
borhood of 1,000,000 tons of coal per year. This is only 
one of the fields where waste-heat boilers may be applied 
to advantage, and it shows the magnitude of the savings 
that can be effected. 


FURNACE DESIGN AND STOKER DESIGN 


Furnace design cannot be divorced from stoker design 
when the best obtainable results are aimed for. After de- 
signing the stoker, the next feature bearing on economy 
is the disposition of the surface of the boiler. With a given 
boiler arrangement, tube spacing, etc., it usually follows 
that to secure a high heat transfer the draft resistance 
will be greater than with the same amount of surface ar- 
rangcd and provided with baffles that will give a lower rate 
of heat transfer. If the arrangement of heating surface 
and baffles is such as to lead to too high a draft resist- 
ance, the capacity developed by the boiler with a given 
draft may be lower than desired. If the arrangement is 
such as to give a low draft resistance, the efficiency may 
be less than it should be. In providing a proper design, 
one of these features must be balanced against the other 
and an arrangement provided which will give the best all- 
round results. 

The addition of an economizer will increase the economy, 
say, 5 to 10 per cent. Now that the price of fuel is increas- 
ing everywhere, a greater number of economizers are being 
installed. 

For large plants the efficiency obtainable with a modern 
steam-boiler and steam-turbine installation is greater than 
could be secured through gasifying the coal in producers 
and using the gas in gas engines. A large steam-turbine 
plant of the best modern design will generate a kilowatt- 
hour with a heat consumption based on the heat in the fuel 
of 17,000 B.t.u. per kw.-hr. This as a round figure for 
plants of the best modern construction with a load factor 
of, say, 60 per cent. and steam pressures of from 250 to 
300 pounds. 

By increasing the steam pressure and raising the super- 
heat, the figure can no doubt be reduced to the neigh- 
borhood of 15,000 B.t.u. per kilowatt-hour. There is no 
likelihood of the gas engine displacing the steam turbine 
for large power generating station work for some time to 
come. 


The Pacific Gas and Electric Co. of San Francisco has 
purchased all the properties of the Northern California 
Power Co., at a price said to be $10,000,000. The purchase, 
it is said in financial circles, is the direct result of codpera- 
tive work carried on by the two companies during the war. 
Properties of the Northern California Power Co. extend 
from Sacramento to the northern state boundary. 
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Bearing Metals* 


The essential characteristic of all bearing alloys is a 
structure made up of alternately hard and relatively soft 
microscopic particles intimately mixed. The function of 
the hard particles, or bearing crystals, is to support the 
load and resist the wear. These bearing crystals should 
not be hard enough to prove distinctly abrasive to the jour- 
nal surface. General experience shows that an extreme 
hardness of the bearing crystals is characterized by an 
excessive wear of the journal. The function of the softer 
or more readily abraded crystals is that of being plastic 
and permitting the bearing crystals to adjust themselves 
to surface requirements of the journal. These softer 
crystals are also more readily abraded, and therefore wear 
slighly below the surface of the bearing crystals and thus 
form upon the bearing surface slight depressions which 
serve for the retention of the lubricant. However infini- 
tesimal in amount this may seem, nevertheless it is this 
lubricant that prevents scoring or seizing when the journal 
is starting up from rest at a time when actual metallic 
contact between the bearing surfaces exists. The same is 
equally true under an excessive load. This function of 
retaining a slight quantity of the lubricant upon the bear- 
ing surfaces when metallic contact exists, characterizes a 
bearing alloy in its truest sense. Therefore a bearing metal 
may be defined as an alloy that is capable of retaining a 
lubricant on a bearing surface. 

A matter of importance, which seems not to have been 
considered heretofore, is the fusing temperature of the 
bearing crystals. From observations made it is evident 
that under severe conditions where relatively low-fusing 
bearing crystals exist in a high-fusing alloy, these bearing 
crystals actually fuse on their surfaces during the process 
of the “running in” of the bearing. The delta copper-tin 
crystal (Cu,Sn) may be cited as a particular example, and 
in some severe conditions corresponding to automotive 
worm-drive service the alpha copper-phosphorus crystal 
(Cu,P) seems to function in a similar manner. It is dorbi- 
ful whether these conditions ever obtain in any of the 
babbitts, since their bearing crystals are the highest-fusing 
compounds of these alloys. 

The study of bearing metals is very incomplete unless 
these alloys are considered in conjunction with the other 
corresponding bearing member. The extreme variety of 
modern steels makes this necessary, since a bearing alloy 
suited for a soft low-carbon machine-steel journal would 
not be an economic selection for a high-carbon nickel-chrome 
heat-treated journal, and a most economic selection for the 
latter would prove destructive to the former. 

It seems exceedingly improbable that laboratory accel- 
erated service tests can ever give general satisfaction, 
owing to the difficulty of reproducing in a few hours’ time 
the equivalent of many years of service.conditions. It is 
our conviction that much more can be learned from the 
study of failures, and also in studying old bearings together 
with their journals, which have given eminently satisfactory 
service for an exceptionally long period. 


Proposed Relay Nomenclature 


The Committee on Protective Devices of the American 
Institute of Electrical Engineers, in making an analysis of 
the transmission-line protective-relay situation throughout 
this country, found that the relay nomenclature used by the 
different operating and manufacturing companies for the 
various classes of relays was not in harmony. The com- 
mittee therefore undertook the work of standardizing this 
nomenclature, and the following has been proposed and was 
given in a paper, “Transmission-Line Relay Protection,” by 
H. R. Woodrow, D. W. Roper, O. C. Traver and P. Mac- 
Gahan, presented at the 35th annual convention of the 
A. I. E. E., June 24 to 27, 1919: 

Electric-Protective Relay—An intermediate device by 
means of which one circuit is indirectly controlled by a 





*From report of Sub-Committee on Bearing Metals, Spring 


meeting, American Society of Mechanical Engineers atroi ich. 
June 16-17, 1919. cal Isngineers, Detroit, Mich 
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change in conditions in the same or other circuits. The 
relay is ordinarily equipped with contacts to open or close 
an auxiliary circuit. 

Directional Relay—Any relay which functions in con- 
formance with direction of power or voltage or current or 
phase rotation, etc. 

Power-Directional Relay—Any relay which functions in 
conformance with direction of power. 

Note. This includes both uni-directional relays with 
single-throw contacts and duo-directional relays with 
double-throw contacts. The reason this name is preferred 
to “reverse power” is that the device is frequently used to 
function under normal direction of power. Furthermore, 
in some cases the normal condition of the system may 
permit power to flow in either direction. Relays for 
use in either alternating or direct-current circuits are to 
be classed as power-directional relays. 

Polarity-Directional Relay—Any relay which functions by 
reason of a reversal of the normal direction of polarity. 

Phase-Rotation Relay—Any relay which functions by 
reason of a reversal of the normal direction of phase rota- 
tion. 

Current Relay—Any relay which functions at a prede- 
termined value of the current. These may be either over- 
current relays or undercurrent relays. 

Voltage Relay—Any relay which functions at a prede- 
termined value of the voltage. These may be either over- 
voltage relays or undervoltage relays. 

Watt Relay—Any relay which functions at predetermined 
value of the watts. These may be either overwatt relays 
or underwatt relays. 

Frequency Relay—Any relay which functions at a prede- 
termined value of the frequency. These may be either over- 
frequency relays or under-frequency relays. 

Temperature Relay—Any relay which functions at a pre- 
determined temperature in the apparatus protected. 

Open-Phase Relay—Any relay which functions by reason 
of the opening of one phase of a polyphase circuit. 

Differential Relay—Any relay which functions by reason 
of the ‘difference between two quantities such as current or 
voltage, etc. 

Note. This term includes relays heretofore known as 
“ratio balance relays,” “biased” and “percentage differen- 
tial relays.” 

Locking Relay—Any relay which renders some other re- 
lay or other device inoperative under predetermined values 
of current or voltage, etc. 

Trip-Free Relay—Any relay which prevents holding in an 
electrically operated device such as a circuit-breaker while 
an abnormal condition exists on the circuit. 

Auxiliary Relay—Any relay which assists another relay 
in the performance of its function and which operates in 
response to the opening or closing of its operating circuit. 

Signal Relay—An auxiliary relay which operates an aud- 
ible or a visible signal. 

QUALIFYING TERMS AS APPLIED TO RELAYS 

Notching—A qualifying term applied to any relay indi- 
cating that a number of separate impulses are required to 
complete operation. 

Inverse Time—A qualifying term applied to any relay 
indicating that there is purposely introduced a delayed 
action, which delay decreases as the operating force in- 
creases. 

Definite Time—A qualifying term applied to any relay 
indicating that there is purposely introduced a delayed 
action, which delay remains substantially constant regard- 
less of the magnitude of the operating force. (For forces 
slightly above the minimum operating value the delay may 
be inverse.) 

Instantaneous—A qualifying term applied to any relay 
indicating that no delayed action is purposely introduced. 

Where relays operate in response to changes in more than 
one condition, all functions should be mentioned. 

The Protective Device Committee expresses the desire 
that the foregoing nomenclature be adopted by all parties 
so that any particular class of relays will be given a definite 
name. 


Jobs for marine engineers, paying $143.75 a month for 
third assistants to $287.50 a month for chiefs, with board 
and quarters free, are actually going begging at Atlantic 
ports, according to a statement issued by the United States 
Shipping Board. The situation is acute. Vessels are tied 
up in many of the larger ports waiting for engineers. 
There are now 500 engineers in training at special schools, 
but these are not yet available. 
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Method of Turning On Steam in 
Large Lines* 


Accidents and consequent losses, both direct and indirect, 
due to the failure of steam piping and fittings while being 
cut into service when steam is being turned in, have ap- 
parently all been due to expansion strains rather than pres- 
sure strains. The expansion strains which caused the 
damage were usually different from those which were pres- 
ent after the line had been heated to full temperature. 

A further analysis discloses the fact that the particular 
form of expansion causing the trouble has been in most 
cases due to the presence of air in the steam line at the 
time steam was being turned on. Air, having approximately 
twice the density of steam, remains at the bottom of the 
pipe and prevents the steam from coming in contact with 
(and thereby expanding) parts of the piping. On a 
straight run of horizontal piping the result is a tendency to 
“rainbow” the piping. This has been proved by actual test. 
The further result of this action is to put a heavy compres- 
sion strain on the upper half of all joints and fittings and 
a corresponding tensile strain on the lower half. This 
trouble is experienced to a greater extent with large than 
with small piping. This may be due either to the pipe 
being so small that the air and steam do not remain 
stratified, or possibly to the great flexibility of the small 
piping. 

The method of turning on steam, which will prevent 
trouble of this kind, is as follows: 


All the drains and air vents on the line are opened. 
Steam is turned into the line very rapidly, the valve being 
opened one-fourth to one-half its full opening. This ap- 
plies not only to low pressure, but to high pressure as well. 
This procedure results in driving the air out of the line 
very rapidly and allows the pipe to heat uniformly. To 
engineers who have been accustomed to “warming up” 
slowly, or “soaking” the line, this method will no doubt 
seem dangerous, but the results obtained from close obser- 
vation and actual test indicate that it is the best that can 
be followed. 

The same phenomena take place in starting up a steam 
turbine. In the Parsons type of machine where the blade 
and clearances are small, the “warming up” method of 
starting is likely to cause blade failures, because when a 
machine is standing still, the spindle and cylinder “rainbow” 
in the same direction, but as soon as the spindle revolves 
one-half a revolution, the top of the spindle (then at the 
bottom), unless the clearances are large, rubs the bottom 
of the cylinder. The new method is to open the throttle 
quickly until the spindle starts to revolve, after which the 
throttle is almost closed again, allewing the turbine to re- 
volve slowly until the heat is evenly distributed. 


The United States Shipping Board Emergency Fleet 
Corporation has arranged for the sale of its surplus and 
salvage property. Complete manufacturing plants, entire 
shipyards, dry docks, ships, complete or half built, and 
any article down to scrap metal are among the items to be 
disposed of by public sale. To sell to the market, and not 
to break the market, is the Government policy in disposal 
sales to be held by all its departments and branches. Upon 
the sales list are marine railways, housing and transpor- 
tation projects, numerous allotments of machinery, equip- 
ment and supplies, including wood-working machinery, 
machine tools and fixtures, electrical machinery, boiler- and 
forge-shop equipment, marine equipment and accessories, 
air-compressor equipment, contractors’ equipment and sup- 
plies, bridge and gantry cranes, steel plates, shapes, and 
bars, pumping machinery, scrap metals, lumber, deck equip- 
ment, galley equipment, hospital and commissary supplies 
and the like. All sales will be consummated either by open 
bidding on advertised items or from price lists made up 
after careful study of existing market conditions and ap- 
proved by the Sales Review Board. 





*From report of Educational Committee, National District 
Heating Association. 
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New Publications 











THE COAL MARKET 





New Construction 











LIQUID FUELS FOR INTERNAL-COM- 
BUSTION ENGINES. By Harold 
Moore. Published by D. Van Nostrand 
Co., New York; Cloth; 6 x 8% in., 200 
pages; illustrated. Price, $5. 


The advances made in the design and 
application of internal-combustion engines 
makes a book of this kind desirable. The 
author does not pretend to give an ex- 
haustive explanation of the chemistry of 
the compounds present in liquid fuels and 
the reactions involved in their preparation 
and purification. The book deals chiefly 
with the procedure necessary for the ex- 
amination and valuation of liquid fuels 
for use in engines. The fuels considered 
are petroleum, shale oil, coal tars, lignite 
tars, products of the carbonization of wood 
and peat, animal and vegetable oils, and 
alcohol. Considerable space is given to 
fuels for engines fitted with carburetors, 
vaporizers and atomizers. Calorimetry is 
the subject of the last chapter. The ap- 
pendix is made up of much valuable tabu- 
lar data, as those on spontaneous ignition 
of various oils and their products, com- 
position of coal tar, calorific properties of 
various combustibles, limits for downward 
propagation of flame (air and fuel mix- 
ture), oil specifications, a glossary, etc. 
The volume is well illustrated, though not 
exceptionally profusely, ana it contains 
considerable tabular matter. Considering 
these, the price seems _ high. However, 
those who feel the need for such a work, 
will likely be glad to pay it. 





Personals 











Richard Burroughs, formerly in the en- 
gineering department of the Hotel Strand, 
is now chief engineer of the new Hotel 
Ambassador, Atlantic City, N. J. 


John H. O’Neil, who served with the 38th 
Engineers in France, has returned to his 
old position as first assistant engineer with 
the Blackstone Gas and Electric Co., Paw- 
tucket, R. 





Miscellaneous News 











Shipping Board Needs 1500 Firemen— 
The United States Shipping Board has an- 
nounced that it has vacancies for 1500 
firemen in the merchant marine. The age 
limit is from 18 to 35 years; minimum 
weight 140 Ib. The pay of the marine 
firemen is $75 a month, with board and 
quarters free. 


College Courses in Shipbuilding—Schools 
of naval architecture and ship construction 
may soon become important branches of 
educational institutions of the United 
States if this nation continues its headway 
in maritime strength. Fourteen universi- 
ties and technical colleges have signified 
their interest in a line of instruction that 
was decadent almost to the point of ex- 
tinction when the needs of war presented 
a demand for ships that could not be 
denied, and some of them have already es- 
tablished courses in naval architecture, ma- 
rine engineering and _ ship construction, 
while others are planning similar action. 
The United States Shipping Board Emer- 
gency Fleet Corporation, which felt so 
keenly the lack of technicians in carrying 
out its shipbuilding program, and had to 
establish emergency schools for intensive 
training, is encouraging and fostering plans 
for the new schools in all_ institutions 
caps ible of expanding their fields of learn- 
ing. It has furnished to those interested 
valuable data gained through experience 
with all phases of the shipbuilding indus- 
try in every quarter of the country, and 
stands ready to give similar aid to all who 
may apply. Men in closest touch with the 
situation say that the need for marine 
architects and engineers will grow as the 
yards expand and enter the open field of 
competition in construction for home and 
foreign account. 





Business Items 











Plant Engineering and Equipment Co., 
Ine., has opened branch offices in Kansas 
City, Mo., 312 Elmhurst Building; Salt Lake 
City, Utah, 17 Exchange Place, and Char- 
lotte, N. C., 815 Independence Building. 





BOSTON—Current prices per gross ton f.o.b. New 
York loading ports: 


Anthracite 
Company 
Coa 
Stove. . Si iasc ain gia ala maaan erste are taliace 7.95@8.15 
Chestnut... 8.05@8.35 


Bituminous 
Cambrias 


an 
Clearfields Somersets 

F.o.b. mines, net tons. . $2.15@2.75 $2.75@3.25 
Philadelphia, grosstons.... 4.27@4.95 5.95@5.50 
New York, gross tons..... . 4.62@5.29 5.29@5.85 
Alongside Boston (water : 

coal), grosstons........ 6.10@6.85 6.90@7.55 

Pocahontas and New River are quoted at $470 
@5.25 f.o.b. Norfolk and Newport News, Va., for 
spot coal, and $7.20@8.60 alongside Boston, these 
prices being on a gross ton basis. 

NEW YORK—Current quotations, White Ash, 
per gross tons, f.o.b. Tidewater, at the lower ports* 
are as follows: 


Company Company 
Mine Circular Mine Circular 
gga %. 05 $7.90 Pea..... 4.90 6.65 
Egg. . 5.95 7.80 Buck- 
Stove.. 6.20 8.05 wheat 3.40 $15 
Chest- Rice... 2.75 4.50 
nut... 6.30 8.15 Barley. 2.25 4.00 
Bituminous 
Spot Contract 
South Forks... $2.90 @ $3.25 $2.95 @ $3.50 
Cambria County 
(good —.---- 2.75@ 2.95 2.95@ 3.25 
Clearfield —-. 2.50@ 2.75 2.80@ 2.95 
Reynoldsville. . 2.50@ 2.75 2.75 2.95 
Quemahoning.. 2.65@ 2.85 2.95 3.10 
Somerset Count y 
(best grades) .. . 2.50@ 2.75 2.95@ 3.10 
Somerset Count y 
(poorer grades).... 2.00@ 2.35 2.50@ 2.75 
Western Maryland... 2.25@ 2.50 2.50@ 2.75 
Patrmont.........;. 2.00@ 2.25 2.35@ 2.50 
ee ere 2.10@ 2.25 2.25@ 2.40 
Greensburg...... 2.25@ 2.35 2.35@ 2.60 
Westmoreland. .. 2.60@ 2.75 2.60@ 2.75 
Westmoreland run- 
RY 2.35@ 2.60 2.35@ 2.65 


Quotations at the upper ports for both bituminous 
and anthracite are 5c. higher on account of the 
difference in freight rates, and are exclusive of the 
3% war freight tax. 

PHILADELPHIA—The price per gross ton f.o.b. 
ears at mines for line shipment and f.o.b. Port 
Richmond for tide are as follows: 


Line Tide Line Tide 
Broken..... $5.95 $7.80 Buckwheat....$3.40 $4.45 
Egg.... 6 29 Bee..s....5. Z.25 $65 
Stove.... 6.30 8.15 Boiler... 3 50 3.50 
Nut.... 6 40 8 25 Barley..... 2.25 3.45 
a 5. 6.00 Com........ 1.2 2.95 


CHICAGO—Current prices per ton for Illinois 
and [ndiana coal are as follows: 


Illinois 
Southern Northern 
V’illiemson, Saline and Ilinvis Illinois 


Williamson Counties F.o.b. Mines F.o.b. Mines 
Prepared sizes.. $2.55@$2.75 $3.25 
Mine-run....... ; 2.35@ 2.50 3.00 
Screenings....... 1.85@ 2.20 2.35 
BIRMINGHAM—Current prices per net ton f.o.b. 
mines are as follows: 
Slack and 


Mine-Run a —a 
Big seam..... $2.45 2.40 
Black Creek and 
Cahaba.... 3.45 3.75 3.05 
Jagger - Pratt 
Coronsa....... 2.85 3.05 . 2-85 
Blacksmith.. . . ; 3.23 x 


Domestic quoations, slightly increased, are as 
follows: 
Lump and Nut 


Black Creek and Cahaba.. 3.95@$4.60 
I Le der c tears Seto x 0: oS anareon si 3.50 
Jagger A ESSA ere ak 3.50 
ES Sree eee 5.00 


ST. LOUIS—The prevailing circular per net ton 
f.o.b. mines is as follows: 


Mt. Olive 
and 

Franklin County Staunton Standard 
Prepared sizes, lump, 

egg, Nos. 1 and 

nut. : Se eae ae 

Williamson County 
Prepared sizes, lump, 

BS SS $2.53 $2.55 $2.00@ 2.25 
Minewue.........+. Zoe 2.2 1.60@1.75 
Screenings.......... 2.20 2.05 1.15@1.30 
a rete 2.30 
2-in. lump. . : “1.75@1.90 


Williamson-Franklin rate to St Louis is $1.07; 
other rates 92$c. 


PROPOSED WORK 
Mass., New Bedford—The National 
Sponge Silk Co., c/o Lockwood-Greene Co., 
Arch., 101 Park Ave., New York City, will 
install a steam heating system in the 4- 
story, 120 x 400 ft. factory which it plans 
to build. Total estimated cost, $750,000. 


N. Y., Brooklyn—The Long Island 
Amusement Co., Garden Theatre, Jamaica, 
will install a steam heating system in the 
1 story, 130 x 140 ft. theatre which it plans 
to build on Fulton St., near Church <Ave., 
here. Total estimated cost, $400,000. G. 
Mausert, Pres., R. T. Short, 370 Macon St., 
Arch. 


N. Y., Brooklyn—The Gibbons Co., 316 
Columbia St., will install a steam heating 
System in the 5 story, 125 x 175 ft. office 
building which it plans to build on Colum- 
bia St. and Hamilton Ave. Total estimat- 
ed cost, $250,000. 


N. Y., Brooklyn—Mason Au Mangen- 
heimer, 22 Henry St., will install a steam 
heating system in the 8 story, 60 x 100 ft. 
factory which it plans to build at 24 Henry 
St. Total estimated cost, $150,000. Ebling 
& Magnerson, 52 Vanderbilt St., New York 
City, Arch. 

N. Y., Brooklyn—-C. Hutwelke, 655 5th 
Ave., W vill install a steam heating system 
in the 5 story, 63 x 100 ft. packing house 
which he plans to build on Hall St.. near 
Flushing Ave. Total estimated cost, $100,- 
000. KE. FEF. Seelye, 101 Park Ave., New 
York City, Engr. 

N. Y., Long Island City—L. Gold, 44 
Court St., Brooklyn, will install a steam 
heating system in the 2 story, 75 x 190 ft. 
garage which he plans to build on William 
St., near North James St. Total estimated 
cont. $110,000. F. S. Parker, 44 Court St., 

Brook! yn, Ener. 


N. Y., Long Island City—J. Simons Co., 
350 Broadway, New York City, will ins stall 
a steam heating system in the blacksmith 
shop and garage which it plans to build on 
Nelson Ave. Total estimated cost, $100.- 
000. Westinghouse, Church & Kerr, 37 Wall 
St.. New York City, Ener. 


N. Y., New York—W. J. Wilgin, 165 
Broadway, will install a steam heating sys- 
tem in the 1 story, 75 x 100 ft. garage 
which he plans to build at 149th St. and 
Park Ave. Total estimated cost, $155,000. 
A. Fellheimer, 7 East 42nd St., Arch. 


N. Y.. New York—Street & Smith, 161 
West 15th St., will install a steam heat- 
ing system in the 7 story, 50 x 100 ft. ad- 
dition which it plans to ‘build to its pub- 
lishing house. Total estimated cost, $125,- 
000. H. O. Chapman, 334 5th Ave., Arch. 


N. Y., New York—A. WLewisohn, 61 
Broadway, will install a steam heating sys- 
tem in the 1 story, 83 x 176 ft. theatre 
which it plans to build at 4023 Broadway. 
Total estimated cost, $120,000. G. M. Pol- 
lard, 347 5th Ave., Engr. 


N. Y¥.. New York—The C. Hensel Realty 
Co.. 3879 10th Ave., will install a steam 
heating system in the 2 story theatre, store 
and office building which it plans to con- 
struct on Dyckman St., between Nagle and 
Post Ave. Total estimated cost, $300,000. 
Moore & lWLandseidel, 148th St. and 38rd 
Ave., Arch. 


N. Y., New York—The Butterick Publish- 
ing Co., Spring and Varick St., will install 
a steam heating system in the 9 story ad- 
dition which it will construct. to wd a 
building. Total estimated cost, $1,200,000. 
Ballinger & Perrott, 47 West rt Nl SC: 
Archt. and Ener. 


N. Y., New York—The Metrovolitan Tife 
Insurance Co., Madison Ave., will install a 
steam heating system in the 16 story, 75 x 
150 ft. auditorium and office building which 
it plans to build at 11-15 Madison Ave 
Total estimated cost. $800,000. D. FE. 
Ward, 1 Madison Ave., Engr. 

N. Y., New York—G. Packer Constructio> 
Co., 11 East 55th St., will install a steam 
heating system in the 1 story. 50 x 100 ft 
mercantile building which it plans to build 
at 16-18 West 36th St. Total estimated 
cost, $225,000. Sommerfield & Steckler, 31 
Union Sq., Arch. 

N. Y., New YVork—The Fifth Ave. Bap- 
tist Church, 8 West 46th St., will install a 
steam heating system in the 3 story, 80 x 
98 ft.. church which it plans to build at 
64th St. and Park Ave. H. C. Pelton & 
= & Collens, 35 West 39th St., Engr. 


Y., New York—The Krims Realty Co., 
126 West 14th St., will install a steam he at- 
ing system in the 3 story, 25 x 100 ft. store 
and office building which it plans to build 
at 143 West 33rd St. Total estimated cost, 
$100,000. M. Krim, Pres. M. S. Schwartz, 
309 Bway., Arch. 
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N. Y., Yonkers—The Federal Sugar Re- 
fining Co., 91 Wall St. New York City, 
will install a steam heating system in the 
warehouse which it plans to build here. 


Total estimated cost, $200,000. Westing- 
house, Church, Kerr & Co., 37 Wall St, 
New York City, Engr. 

N. J., New Brunswick—The Victory 


Amusement Corp. will install a steam heat- 
ing system in the 100 x 100 ft. theatre 
which it plans to build on Albany and 
Washington St. Total estimated cost, $300,- 
000. J. H. Scheier, 25 West 42nd St., New 
York City, Arch. 


Penn., Grove City—The Municipal Elec- 
tric Power Co. plans to build a new power 
plant and equip same with machinery. Es- 
timated cost, $75,000. 

Penn., Philadelphia—The Beth Salem 
congregation, 224 Market St., will install a 
heating system in the 3 story, 100 x 125 
ft. synagogue which it plans to build. Total 
estimated cost, $100,000. Fieldstein & Roth- 
childs, 1238 Chestnut St., Arch. 


Penn., Philadelphia—The Vigogne Mills, 
Unity and Oakland St., will install a steam 
heating system, boilers and engines. in the 
3 story, 65 x 250 ft. mill which it plans to 
build. M. Ward Easby, 1420 Chestnut St., 
Arch. 


Penn., Philadelphia—J. C. Kahn, Morris 
Bldg., will install a steam heating system 
in the 7 story, 101 x 150 ft. loft building 
which he plans to build. Total estimated 
cost, $300,000. Le Roy B. Rothchild, 1225 
Morris Bldg., Arch. 

Md., Baltimore—W. Schluderberg & Son, 
4th and Bank St., will install a steam heat- 
ing system and refrigerators in the 4 or 
5 story meat packing plant which they pian 
to build on East Baltimore St., between 
5th and 7th St. Total estimated cost, $250,- 
000. GC. BR. Comstock, 110 West 40th St., 
New York City, Engr. 


Md., Baltimore—St. Mary’s Industrial 
School, Wilkins Ave., will install a vapor 
heating system in the 4 story, 63 x 113 


ft. dormitory and swimming pool which it 
plans to build. Total estimated cost, $200,- 


000. H. I. Kavanaugh, 913 North Charles 
St., Arch. 
Md., Baltimore—The Luther Memorial 


Lutheran Church, 345 Ilchester Ave., will 
install a steam heating system in the 2 
story, 75 x 150 ft. church which it plans to 
build on Guildford Terrace and University 
Parkway. Total estimated cost, $100,000. 
John Freund, 11 East Lexington St., Arch. 

8. C., Clinton—The Board of Regents of 
the State Hospital for Insane, Columbia, 
will install two steam heating plants in con- 
nection with the construction of two 1 and 


® story dormitories for the School_ for 
Feeble Minded, about 4 mi. from here. R. G. 
Scarborough, Chn. . E. Lafaye, 1003 


Loan & Exchange Bank Bldg., Columbia, 
Arch. 

Ss. €., York—The School Board will in- 
stall a heating plant and modern ventilat- 
ing system in the 2 story, 100 x 150 ft. high 
school which it plans to build. Total esti- 
mated cost $100,000. S. McDow, Chn._ C. 


Wilson, 808 Palmetto Bldg., Columbia, 
Arch. 
La., New Orleans—The Charity  Hos- 


ital, Tulane Ave., plans to build a 2 story 
ower house. Estimated cost, $90,000. A 
W. Lewin, Weis Bldg., Engr. 

Ohio, Cleveland—The Arjo Realty Co., 
214 Williamson Bldg., plans to build an ad- 
dition to its factory at 6545 Euclid Ave. A 
steam heating system will be installed in 
same. Total estimated cost, $250,000. 


POWER 


Ohio, Cleveland—The Cuyahoga County 
Memorial Association, Court House, will in- 
stall a steam heating system in the 5 story, 
150 x 200 ft. hospital which it plans to 
build on West 4th St. and Fairchild Ave. 
Total estimated cost, $300,000. W. S. Lou- 
gee, 500 Marshall Bldg., Arch. 


Ohio, Cleveland—The Euclid) Chester 
Co., Guardian Bldg., will install a steam 
heating system in the 2 story, 100 x 112 ft. 
warehouse which it plans to build at 2900 
a Ave. Total estimated cost, $100,- 
00. 


Ohio, Cleveland—The Pilgrim congrega- 
tion, West 14th St. and Starkweather Ave., 
will install a steam heating system in the 
5 story, 100 x 200 ft. clubhouse which it 
plans to build. Total estimated cost, $100,- 
000. D. F. Bradley, pastor. 


Ohio, Cleveland—The Sixth City Realty 
Co., Guardian Bldg., will install a steam 
heating system in the 167 x 370 ft. garage 
which it plans to build on East 6th St. and 
aad Ave. Total estimated cost, $1,300,- 


Ohio, Cleveland— The United Motors 
Service Co., East 40th St. and Prospect 
Ave., will install a steam heating system in 
the 2 story, 100 x 200 ft. sales and serv- 
ice building which it plans to build. Total 
estimated cost, $200,000. 


Ohio, Piqua—The J. J. Wernette Engi- 
neering Co., 441 Houseman Bldg., Grand 
Rapids, is receiving bids for a 475 kK.v.a., 
80 per cent power factor, 240 volt, 3 phase, 
60 cycle generator, for the French Oil Mill 
Machinery Co., here. 


Mich., Detroit—The Public Welfare 
Commission, City Service Bldg., will install 
a steam heating system in the 4 story, 50 x 
87 x 216 ft. hospital which it plans to build 
on St. Antoine and Macomb St. Total esti- 
mated cost, $420,000. J. Scott & Co., 2326 
Dime Bank Bldg., Arch. 

Mich., Flint—St. Mathew’s Parish will 
install a steam heating system in the 1 
story church which it plans to build on 
Beach St. Total estimated cost, $150,000. 
Van Leyden, Schilling & Keough, 1115 
Union Trust Bldg., Detroit, Engr. 


Mich., Hamtramck (Detroit P. O.)—-The 
Board of Education, 50 Broadway, Detroit, 
will install a steam heating system in the 
2 story, 127 x 104 ft. school which it plans 
to build on Carpenter and McDougall Ave. 
Malcolmson & Higginbotham, 404 Moffat 
Bldg., Detroit, Arch. 


Mich., Wahjameja—The Michigan Colony 
for Epileptics will install a steam heating 
system, including a pump and ash hoist, in 
the 1 story, 43 x 265 ft. hospital which it 


plans to build. E. R. Dunlop, 709 Ham- 
mond Bldg., Detroit, Arch. 
Wis., Sheboygan—The Commercial En- 


graving Co., 101 North 8th St., will install a 
steam heating system in the 3 story, 60 x 
170 ft. engraving and printing plant which 
it plans to build on 8th St. Estimated 
cost, $150,000. 

Kan., Salina—The Planters Hotel Co. 
will install a steam heating system in the 
4 story, 100 x 120 ft. hotel which it plans 
to build. Total estimated cost, $150,000. 
Cc. W. Shaver, Arch. 

Kan,, Stockton—Rooks County will in- 
stall a steam heating system in the 3 story, 
80 x 100 ft. court house which it plans to 
build. Total estimated cost, $200,000. F. 
Cc. Squires, Topeka, Kan., Arch. 


Minn., Duluth—The West Duluth Y. M. 
. A. North Central Ave., will install a 
steam heating system in the 3 story, 80 x 
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135 ft. building which it plans to construct. 
Total estimated cost, $100,000. Zirman & 
Jenssen, Exchange Bldg., Engr. 


Mo., Kansas City—The National Cloak & 
Suit Co., 207 West 24th St., New York City, 
N. Y., will install a steam heating plant in 
the 12 story factory which it plans to build 
here. Total estimated cost, $2,500,000. N. 
M. Dunning, 310 South Wabash Ave., Chi- 
cago, Ill, Engr. 


Okla,, Oklahoma—The Tradesman’s State 
Bank, 105 West Main St. will install 
washed air, heating and ventilating sys- 
tems in the 10 story, 60 x 90 ft. bank which 
it plans to build on Main and Broad St. 
Total estimated cost. $300,000. Hawk & 
Parr, 501 Security Bldg., Arch. 


Idaho, ®Woise—Tourtellota-Hummell Co., 
Overland Blidg., Boise, will install a steam 
heating system in the 4 story, 100 x 122 ft. 
Y. M. C. A. building which it plans to con- 
struct. Total estimated cost, $125,000. 


Cal., Eagle Rock—Bids will be received 
until July 21, by B. B. Martsoff, City Clk., 
for furnishing a deep well turbine pump 
of centrifugal runner type, to have a ca- 
py of 350 gal. per minute on 125 ft. 
ante 


Que., Montreal—The Provincial Govern- 
ment, Quebec City, will install a steam 
heating system in the 5 story, 100 x 150 
ft. court house which it plans to build on 
Notre Dame St., E., here. Total estimated 
cost, $100,000. Dept. of Pub. Wks., Quebec 
City, Ener. 

Que., Montreal—Bids will be received 
until July 21, by L. R. Thompson, Secy. 
and Enegr., Lignite Utilization Board of 
Canada, 80 St. Francis Xavier St., for fur- 
nishing three, 125 hp. horizontal return tub- 
ular boilers with fittings for 150 Ib. 
pressure, suitable for suspension setting; 
1 steam driven boiler feed pump, suitable 
for above boilers, two 200 k.v.a., 550 v., 
3 phase, 60 cycle, gasoline: or oil driven 
emergency lighting set; 1 standard under- 
writers’ steam fire pump, having a ca- 


pacity of 1000 gal. per minute, 150 lb. steam 
pressure. 


Ont., Walker—The General Motors Corp., 
Boyer Bldg., Detroit, Mich., is in the market 
for about 425 motors, including 100 five 
hp. and 150 three hp. motors, for its 
plant here. 


CONTRACTS AWARDED 


N. Y., New York—B. S. Moss, 729 7th 
Ave., has awarded the contract for the con- 
struction of a 2 story, 125 x 150 ft. thea- 
tre which he plans to build at 161ist St. and 
Prospect Ave., to the Fleischman Construc- 
tion Co., 531 7th Ave. <A steam heating 
system will be installed in same. Total es- 
timated cost, $600,000. 


Ohio, Cleveland—The city has awarded 
the contract for installing a steam heating 
system in the 2 story, 70 x 76 ft. bathhouse 
and gymnasium which it plans to build at 
East 26th and Central St., to the Chafer 
Co., 431 Champlain Ave. 

Ohio, Cleveland—The Grabler Manufac 
turing Co, 6565 Broadway Ave., has 
awarded the contract for the construction 
of a 4 story, 90 x 100 ft .addition to its 
factory, to S. W. Emerson Co., 1900 Euclid 


Ave. A steam heating system will be in- 
stalled in same. Total estimated cost, 
$100,000. 


Ohio, Cleveland—The McKinney Steel 
Co., 4002 Dille Rd., will build a 2 story, 32 
x 50 ft. pump house by day labor. Ssti- 
mated cost, $10,000. 
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